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TO 
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The  author  much  regrots  the  inconvenionce  occasioned  by  the 
unexpected  delay  which  has  taken  place  in  the  issue  of  the  pre- 
sent edition.  That  delay  has,  however,  arisen  from  causes  which 
he  could  not  foresee,  and  over  which  he  had  no  control. 

In  the  Preface  to  the  First  Edition  of  this  work  the  author 
fully  explained  the  objects  he  had  in  view  in  its  preparation, 
and  the  principal  sources  from  whence  he  had  derived  the 
materials  necessary  for  its  compilation.  That  such  a  work  was 
needed  is  sufBciently  proved  by  the  sale  of  three  very  large 
editions ;  and  in  issuing  the  present  edition,  the  author  cannot 
but  express  the  great  gratification  he  feels  at  the  satisfactory 
results  which  have  attended  his  labours ;  and  he  also  takes  this 
opportunity  of  returning  his  sincere  thanks  to  the  many  kind 
friends  and  correspondents  for  the  assistance  they  have  rendered 
him  by  the  communication  of  many  valuable  facts  and  sugges- 
tions. 

The  very  great  advances  made  within  the  last  few  years  in 
the  science  of  Botany  on  the  Continent  of  Europe,  more 
especially  in  Germany,  have  necessitated  many  important  altera- 
tions and  additions  in  the  text  of  the  present  edition,  and 
numerous  new  woodcuts  ;  so  that,  while  the  whole  work  has  been 
very  carefully  revised  throughout,  in  some  resj>ects — as  in  the 
subjects  of  elementary  structure,  reproductive  organs  of  Acoty- 
ledons,  and  in  the  physiology  of  plants — it  may  be  almost 
regarded  as  a  new  work.  In  these  portions  the  author  has 
especially  to  express  his  great  obligations  to  Professor  Lawson, 
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uF  Oxford,  for  valuable  assistance  rendered  in  tluj  subject 
of  Histology ;  to  Mr.  J.  W.  Groves,  Demonstrator  of  Phy- 
siulogy  in  King's  College,  London,  for,  in  a  great  tlegive, 
revising  the  Third  Book  on  Physiologj' ;  and  to  his  ]nii)il,  Mr. 
J.  Mason  Vaiin,  of  King's  College,  for  nearly  writing  afrcah  the 
section  on  the  Reproductive  Organs  of  Ihitllophytes,  and  for 
other  assistance  in  reference  to  Acotyledonuiis  Plants,  In  nil 
these  portions  the  great  work  of  Sachs, '  A  Text  Book  of  Botiiny,' 
translated  by  Bennett  and  Oyer,  has  been  conatimtly  referred  t<i, 
and  should  be  studied  by  all  who  desire  to  become  more  fully 
acquainted  with  the  progress  of  science  in  these  i>artieulars,  than 
is  possible  in  this  volume,  consistent  with  the  design  of  the 
author. 

In  the  part  which  treats  of  the  properties  and  uses  of  plants 
very  many  additions  and  alterations  have  been  also  rendered 
necessary  by  the  progress  of  science.  In  this  [urtion  constant 
reference  lias  been  made  to  Fliickiger  and  Hanbury's  '  Phanna- 
O0graphia,'and  toBentley  andTrimen's  'Medicinal  Plants,' both 
of  which  works  have  been  published  since  the  third  edition 
of  this  Manual.  The  latter  work  contains  full  botanical  de- 
scriptions with  original  coloured  figures  of  the  principal  plants 
employed  in  medicine,  and  an  account  of  the  cliaracters,  pro- 
perties, and  uses  of  their  parts  and  products  of  medicinal  value  ; 
and  is  especially  intended  to  serve  as  an  illusttuted  botanical 
guide  to  the  'British  Phaniiacopueia'  the  'Pharmacopoeia  of 
India,' and  the  '  Phanuacopceia  of  the  United  States  of  America.' 
For  figures,  descriptions,  and  full  particulars  of  these  plants,  all  of 
which  are  briefly  noticed  in  this  Manual  in  the  part  treating  of 
Systematic  Botany,  the  author  begs  leave  therefore  to  refer  those 
of  his  readers  who  are  si^cially  interested  in  the  official  and  other 
more  important  medicinal  plants. 

In  this  part,  although  several  minor  changes  have  been  made 
in  the  arrangement  and  characters  of  the  natural  orders,  it  has 
Dot  been  thought  advisable  to  depart  in  any  essential  [)articulars 
from  the  order  followed  in  previous  editions.  The  arrangement 
hero  adopted,  except  in  unimportant  particulars,  is  that  used 
generally  in  our  Floras,  and  that  which  is  sanctioned  by  our 
examining  bodies.  The  present,  so  far  as  the  classification  of 
plants  is  concerned,  may  be  regarded  as  a  transitional  i>eriod 
in  this  country ;  and  important,  therefore,  as  a  knowledge  of 
other  arrangements  may  be  to  advanced  students,  they  are  scarcely 
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adapted  for  such  a  Manual  as  the  present.  Such  students  should 
especially  refer  to  the  great  work,  now  in  course  of  publication, 
Benthain  and  Hooker^s  ^Genera  Plant&rum.' 

Tlie  present  work  having  been  thus  carefully  revised  and  in 
part  rewritten,  and  supjJeniented  by  very  carefully  prepared  and 
copious  indexes,  the  author  confidently  believes  that  it  will,  even 
better  than  the  preceding  editions,  serve  as  a  convenient,  intelli- 
gible, and  faithful  as  well  as  comprehensive  manual  for  students  ; 
and  also  be  very  useful  as  a  work  of  reference  for  those  engaged 
in  commercial  ^Hirauita  who,  having  constantly  to  niake  use  of 
substances  derived  from  the  Vegetable  Kingdom,  require  ac- 
curate and  condensed  information  on  the  Properties  and  Uses 
of  Plants. 


London  :  Ftbntaryy  1»K?. 


PEBFACE 

TO 

THE    FIRST    EDITION. 


Thb  principal  deeign  of  tlie  awtlior  in  the  prepnnitiun  of  tlio 
preBent  volume  was,  to  funiish  a  compreheiiaive,  and  at  the 
same  time  a  practical,  guide  to  the  Properties  and  TJsea  of 
Plants,  a  part  of  Botany  which,  in  the  majority  of  manuals,  is 
but  Tery  briefly  alluded  to.  He  hopes  that  in  this  respect  tlm 
present  manual  may  scire  M  an  introduction  to  works  devoted 
particularly  to  Materia  Medica  and  Economic  Botany,  and  thus 
form  a  text-book  of  especial  valne  to  medical  and  phaniiaceiUicAl 
students ;  aa  veil  as  a  work  of  reference  generally,  for  those 
engaged  in  commercial  pursuits  who  have  daily  to  make  use  of 
substances  derived  from  the  Vegetable  Kingdom. 

Another  prominent  motive  of  the  author  was,  to  furnish  the 
pupils  attending  his  lectures  with  a  claHs-book,  in  which  the 
subjects  treated  of  should  be  arranged,  as  far  as  possible,  in 
the  same  order  aa  followed  by  biro  in  the  lectures  themselves. 
It  may  be  noticed  that  thia  order  differs  in  several  resjyects  from 
that  commonly  followeil,  but  long  experience  as  a  teacher  has 
convinced  him  that  it  is  the  moat  desirable  one  for  the  student. 
Great  pains  have  been  taken  in  all  departments  to  bring  the 
different  subjects  treated  of  down  to  the  present  state  of  science  ; 
and  much  care  has  been  exercised  in  condensing  the  verynu- 
merouB  details  bearing  upon  each  department,  and  in  arrimj/ing 
them  for  systematic  study. 

The  author  makes  no  claims  for  this  work  to  be  regarded 
as  a  complete  tre^ise  on  the  different  departments  of  Botany ;  it 
U  only   intended  as  a  guide  to  Luger  and  more  comprehensive 
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works  ;  but  he  tnists,  at  the  same  time,  that  it  will  be  found  to 
contain  everything  which  the  student  of  Botany  really  requires, 
whether  he  is  pursuing  it  as  a  branch  of  professional  or  general 
education,  or  for  pleasure  and  recreation. 

The  vast  number  of  facts,  observations,  and  terms  necessarily 
treated  of,  in  the  departments  of  Structural,  Morphological,  and 
Systematic  Botany,  have  compelled  the  author  to  give  but  a  brief 
account  of  the  Physiology  of  Plants ;  he  hopes,  however,  that 
even  .here,  all  the  more  important  subjects  bearing  upon  the 
education  of  the  medical  practitioner  and  pharmaceutist  will  be 
found  sufficiently  comprehensive.  To  those  who  require  a  more 
complete  knowledge  of  this  department,  he  would  refer  them  to 
the  Second  Part  of  Balfour's  *  Class-Book  of  Botany/  in  which 
valuable  work  full  details  upon  Physiological  Botany  will  be 
found. 

The  author  had  a  great  desire,  also,  to  include  in  the  present 
volume  an  Appendix  upon  Descriptive  Botany,  and  a  Glossary 
of  Botanical  Terms  ;  but  the  Manual  having  already  exceedeil 
the  limits  desired,  he  is  unable  to  do  so.  The  Index  itself  will, 
however,  serve  as  a  glossary  by  referring  to  the  (mges  in  which 
the  different  terms  are  detlned  and  explained  ;  and  with  regaixl 
to  Descriptive  Botany,  the  author  would  especially  recommend 
every  reader  of  this  work  to  obtain  a  small  but  very  valuable 
work  on  that  subject  which  has  been  recently  published  by  Dr. 
Lindley- 

In  compiling  this  voliune  the  author  has  been  necessarily 
compelled  to  refer  to  many  works  and  original  memoii*s  un 
botanical  science,  and  he  hopes  that  in  all  cases  he  has  given 
full  credit  to  the  different  authors  for  the  assistance  they  have 
afforded  him.  If  he  has  omitted  to  do  so  in  any  instance,  it  has 
arisen  from  inadvertence  and  not  from  design.  To  the  valuable 
works  of  Mohl,  Jussieu,  Schleiden,  Mulder,  Hofnieister,  Asa 
Gray,  and  Schacht,  among  foreign  botanists  ;  and  to  those  of 
Lindley,  Balfour,  Henfrey,  Hooker,  Berkeley,  Pereira,  and 
Koyle,  among  British  botanists,  he  begs  to  express  his  obligations. 
To  his  friend,  Mr.  Daniel  Hanbury,  he  is  also  indebted  for  some 
valuable  information  communicated  during  the  progress  of  the 
work.  To  Lindley *s  '  Vegetable  Kingdom,*  Pereira's  *  Materia 
Medica,'  and  to  the  many  valuable  articles  upon  the  Anatomy  of 
Plants  in  Griffith  and  Henfrey's  *  Micrographic  Dictionary,'  by  the 
lamented  Henfrey,  the  autlior  is  more  especially  indebted.    The 
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bat  three  works  will  alttayt  bear  ample  testimon;  to  the  great 
research  and  abilities  of  their  respective  authors. 

The  author  has  further  t«  express  his  obligations  to  his 
spirited  publiaher,  (or  the  numerous  woodcuts  which  he  has 
liberally  allowed  him,  and  to  Mr.  Bagg  for  the  great  skill  he  has 
shown  in  their  execution.  A  large  number  of  these  woodcuts 
have  been  taken  fromMaout's' AtLuiH^mentairedeBotanique,' 
several  from  Juasieu's  *  Coure^^nientJure  deSotauique;' others 
have  been  derived  from  the  works  of  Schleiden,  Mohl,'  H<if- 
meister,  Lindlej,  Uenfrey ,  Balfour,  £c.  ;  and  man;  are  fruiu 
original  sources.  By  the  judicious  use  of  theae  woodcuts  in  the 
text  of  the  volume,  it  is  believed  that  the  value  of  the  work  as  a 
class-book  of  botanical  science  has  been  materially  increased. 

LoNuoN :  ^tus  1,  \mi. 
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CORRECTIONS  AND  ADDITIONS. 


Page   3,  line  7  from  the  bottom,  after  stArch,  add  (see  page  822). 
„     21,  line  21  from  the  bottom,  after  for  example,  insert  accordiog  to 

Henfrej  and  others. 
„     22,  line  2  from  the  \ja^,far  mature,  read  perfect. 
„     26,  line  17  from  the  bottom,  for  Geranium  read  Ceramium, 
„     26,  line  22  from  the  bottom,  qfter  those  aboTe  mentioned,  €utd 

(For  farther  particulars  on  Chlorophyll  see  page  781.) 

„     27.  line  12  from  the  top,  after  starch,  add  and  some  other  carbo- 
hydrates (see  page  822). 

„     35,  line  6  from  the  top,  after  Fobms  akd  Sizrs  of  Cells,  erase  a.nd 
Obnebax  Pbopebttes  and  Structubr  op  thk  Ckll-will. 

„  113,  line  5  from  the  bottom,  for  aiolon^ferous,  read  stoloniftrous, 

„  261,  line  12  from  the  bottom,  after  infolding  of  the,  add  proto- 
plasm, or,  according  to  Mohl,  of  the 

„  314,  line  16  from  the  top,  after  others  again,  ercue  may. 

428,  line  13  from  the  bottom,  qfter  eaten,  add  (This  must  not  be 
confounded  with  the  true  Avocado  or  Alligator  Pear,  which 
is  in  much  repute  in  the  West  Indies,  and  is  derived  from 
Peraea  ffratiigima,)     (See  Peraea). 

469,  line  14  from  the  bottom,  after  Kola-nuts,  add  It  has  been  re- 
cently stated  that  the  nuts  hare  the  power  of  staying  for 
even  a  prolonged  period  the  crayings  of  hunger,  and  of 
enabling  those  who  eat  them  to  endure  continued  labour 
without  fatigue. 

620,  lino  25  from  the  bottom,  after  gum,  add  ,  known  as  Sarco- 
colla, 

520,  line  23  from  the  bottom,  after  Astragalus,  add  ,  or  from  one 
nearly  allied  to  that  genus.    (See  Penaa), 

636,  line  8  from  the  bottom,  after  Alum-root,  add  Sarifraga 
tibmea  is  said  to  contain  a  crystAlline  bitter  principle, 
which  has  been  termed  hergenin^  and  is  reputed  to  be  a 
powerftil  tonic,  ranking  in  its  action  between  salicin  and 
quinia. 

698,  line  9  from  the  top,  after  Curare;  add  Planchon,  however,  has 
recently  modified  this  opinion,  and  now  refers  to  a  species 
closely  allied  to  8.  taxi/era,  Benth.,  as  the  chief  element 
of  this  kind  of  Curare; 
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XXXll  CORRECTIONS   AND   ADDITIONS. 

Page  754,  after  line  3  from  top,  %n%ert  the  following  notice  of  recent 
inveBtigations : — 

On  the  Structure  of  the  Protoplasm  of  Vegetahle  Cells  and  the  Structure 
and  Method  of  Division  of  the  Cell  Nudetis, 

Professor  F.  Schmitz  finds  that  the  cells  of  plants  contain  intra- 
cellular and  intranuclear  networks  resembling  those  described  by 
Hanstein,  Heitzmann,  Klein,  and  others  as  existing  in  the  cells  of 
animals. 

The  intracellular  networks  consist  of  very  delicate  interlacing 
threads  of  protoplasm,  enclosing  spaces  or  lacuna,  which  are  in  inter- 
communication with  each  other,  and  contain  a  homogeneous  fluid. 

The  nucleus  contains  a  similar  reticular  structure,  and  is  bounded 
by  a  denser  substance,  in  which  are  embedded  a  number  of  closely- 
packed  granules,  termed  by  Flemming  '  chromatin-granules,'  the  larger 
of  which  have  been  usually  described  as  nucleoli. 

Strassburger  has  described  a  curious  method  of  division  of  the 
nucleus  in  many  vegetable  cells,  and  a  similar  method  has  since  been 
shown  by  several  obser\'ers  to  occur  in  animal  cells.  To  this  process 
Flemming  has  given  the  name  of  karyokinesist  because  a  spontaneous 
movement  of  the  nucleus  and  its  contents  is  of  essential  importance. 

The  first  stage  in  the  process  is  the  separation  of  the  fibrils 
forming  the  intranuclear  network,  so  that  they  become  more  distinct, 
and  make  the  nucleus  appear  larger.  The  fibrils  then  become  thicker 
and  more  separated,  thus  exaggerating  the  appearance  produced  during 
the  first  stage.  The  fibrils  next  acquire  the  form  of  long  loops, 
some  of  which  appear  to  consist  of  two  threads  (Flemming);  but 
whether  this  is  their  true  character,  or  they  are  thick  fibrils  which 
have  become  hollowed  out,  is  imcertain  (Klein).  In  the  next  step  the 
loops  cease  to  be  single  and  are  very  long,  each  thread  forming  several, 
and  the  whole  producing  a  radiating,  wreath- like  appearance.  The 
loops  then  break  so  that  their  bends  are  central,  the  ends  pointing 
outwards  and  producing  a  star-like  appearance,  the  aster  or  monaster. 
The  central  mass  and  rays  now  appear  to  divide  into  two  parts  having 
difierent  planes  one  above  the  other,  except  at  the  periphery  of  the 
loops,  where  for  a  time  the  two  stars  remain  connected,  though  soon 
they  separate,  producing  the  double  star,  or  dyaster^  which  in  many 
eases  is  the  only  form  of  star  that  is  seen,  the  monaster  apparently  not 
occurring  at  all.  The  two  stars  of  the  dyaster  then  recede  from  each 
other  so  that  their  centres  cccupy  opposite  polrsof  the  nucleus;  the 
daughter-stars  of  the  dyaster  thus  produce  a  double  basket  appearance. 
The  fibrils  of  these  baskets  next  arrange  themselves  alternately,  so  that 
they  Feem  to  be  transversely  striated.  A  membrane  next  forms  be- 
tween the  two  divisions  of  the  former  nucleus,  i.e.  between  the  two 
daughter-baskets  whose  fibrils  now  become  convoluted,  thus  producing 
in  the  new  nuclei  an  intranuclear  network  similar  to  tbit  which 
existed  in  the  mother-nucleus. 

These  intracellular  and  intranuclear  networks,  as  well  as  the  divi- 
sion of  the  nuclei,  are  well  seen  in  rapidly  forming  cells,  such  as  those 
in  the  growing  points  of  plants. 

Page  797,  line  12  from  bottom, /or  three  read  two. 


MANUAL  OF  BOTANY. 


INTRODUCTORY  REMARKS. 

NATUiiAL  Hlstort  has  for  its  object  the  investigation  of  every- 
thing that  relates  to  the  bodies  placed  on  the  surface  of  the 
globe  ;  or  combined  so  as  to  form  its  substance.  These  various 
bodies  have  been,  both  by  the  common  observer  and  scien- 
tific investigator,  arranged  in  three  great  divisions,  called,  re- 
spectively, Uie  Animal,  Vegetable,  and  Mineral  kingdoms :  those 
comprised  in  the  two  former,  being  possessed  of  life,  form 
the  Organic  creation  ;  while  those  of  the  latter,  not  being  en- 
dowed with  life,  constitute  the  Inorganic  creation.  It  is  our 
province  in  this  work  to  treat  of  the  lower  members  of  the  or- 
ganic world,  called  Plants  or  Vegetables.  The  science  which 
investigates  these  ib  termed  Botany,  from  the  Greek  word  ^mavrj 
signifying  an  herb  or  muM. 

DsPAJiTinQrrs  of  Botany.— Botany  in  its  extended  sense 
embraces  everything  which  has  reference  to  plants  either  in  a 
living  or  fossil  state.  It  investigates  their  nature  ;  their  in- 
ternal organisation  ;  their  external  configuration  ;  the  laws  by 
which  they  are  enabled  to  grow  and  propasate  themselves  ;  and 
their  relations  to  one  another,  and  to  the  oodies  by  which  they 
are  surrounded.  As  a  science,  therefore,  it  is  of  vast  extent, 
and  one  which  requires  for  its  successful  prosecution  the  most 
caarefal  and  systematic  study.  It  may  be  divided  into  the 
following  departments  : — 1.  Organography  :  this  comprises  every- 
thing which  relates  to  the  internal  organisation  and  ex- 
ternal configuration  of  plants,  and  their  various  parts  or 
organs  :  that  portion  which  treats  of  their  structure,  including 
the  description  of  the  elementary  structure,  or  VtgetabU 
Hidologyy  is  commonly  termed  Structural  Botany  ;  and  that 
whidi  has  reference  to  their  forms  is  called  Morphological 
BcftoMff^  or  the  Comparative  Anatomy  of  plants,     2.  Pfiv*ioloi|i^<i^ 


2  DISTINCTIONS  BETWEEN 

Botany  :  this  treats  of  plants,  and  their  organs,  in  a  state  of  life 
or  action.  3.  Systematic  Botany  :  this  considers  plants  in  their 
relations  to  one  another,  and  comprehends  their  arrangement 
and  classification.  4.  Gef^graphical  Botany  is  that  department 
which  explains  the  laws  which  regulate  the  distribution  of 
plants  over  the  surface  of  the  globe  at  the  present  time. 
And  6.  Palxontological  or  Fossil  Botany  is  that  which  investi- 
gates the  nature  and  distribution  of  the  plants  which  are  found 
in  a  fossil  state  in  the  different  strata  of  which  the  earth  is  com- 
posed. The  first  three  departments  are  those  only  that  come 
within  the  scop  3  of  the  present  work  ;  the  two  latter  being  of 
too  special  and  extensive  a  nature  to  be  treated  of  in  this 
manual. 

Distinctions  between  Animais,  Plants,  and  Minerals. — 
Botany  being  the  science  which  treats  of  plants,  it  would  natu- 
rally be  expected  that  we  should  commence  our  subject  by 
defiiiing  a  plant.  No  absolute  definition  of  a  plant  can,  how- 
ever, be  given  in  the  present  state  of  our  knowledge  of  the 
organic  world,  neither  is  it  probable  that,  as  our  knowledge  in- 
creases, such  will  ever  be  the  case  ;  for  hitherto  the  progress 
of  inquiry  has  shown  that  there  is  no  distinct  line  of  demarca- 
tion between  plants  and  animals,  the  one  passing  gradually  and 
imperceptibly  into  the  other.  Indeed,  until  quite  recently  it 
was  believed  by  many  that  there  existed  certain  organisms  which 
were  plants  at  one  period  of  their  lives  and  animals  at  another. 
Thus  De  Bary,  in  the  year  1859,  described  the  germinating 
spores  of  JEthoUium  as  producing  naked,  motile,  protoplasmic 
bodies,  which  eventually  coalesced  to  form  amoeboid  masses  of 
protoplasm  (plasmodinm),  which  were  destitute  of  a  cell-wall, 
were  able  to  creep  over  the  surface  of  the  substance  upon  which 
they  were  growing,  and  to  take  into  their  interior  and  digest 
solid  matters,  after  the  fashion  of  a  true  Amabaj  of  the  animal 
nature  of  which  there  can  be  no  doubt ;  and  so  while  in  this 
stage  he  regarded  uSthalium  as  an  animal.  After  a  time,  how- 
ever, the  Plasmodium  becomes  quiescent,  divides  into  an  im- 
mense number  of  small  portions,  each  of  which  clothes  itself  with 
a  wall  of  cellulose  and  becomes  a  spore  ;  and  in  this  later  stage 
he  regarded  ^thalium  a&  a  plant.  But  as  the  more  recent 
researches  of  De  Bary  and  others  show  that  this  amoeboid  condi- 
tion is  of  frequent  recurrence  in  certain  stages  of  many  organ- 
isms, of  the  plant  nature  of  which  there  can  be  no  possible 
question,  ^thalium  is  now  relegated  to  the  Vegetable  Kingdom 
alone.  Nevertheless,  even  if  the  belief  in  the  double  nature 
(plant  and  animal)  of  certain  organisms  does  not  now  exist, 
naturalists  are  far  from  agreeing  as  to  what  in  all  cases  shall  be 
regarded  as  a  plant  or  as  an  animal.  Thus,  while  Stein  looks 
upon  such  a  complex  structure  as  Volvox  as  undoubtedly  animal, 
other  authors  of  equal  repute  acknowledge  it  as  a  plant. 

There  are,  indeed,  even  some  naturalists  who  believe  that 
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there  is  no  line  of  demarcation  between  plants  and  minerals, 
bat  that  simple  organisms  can  be,  and  are,  formed  out  of  in- 
oiganic  matter  ;  but  notwithstanding  the  ability  and  ingenuity 
with  which  these  views  have  been  supported,  we  hold  such 
notions  to  be  purely  speculative,  and  continue  to  maintain  that 
the  possession  of  individual  life  and  power  of  reproduction  in 
the  former,  constitute  at  once,  without  further  investigation,  a 
broad  and  well-marked  line  of  demarcation  from  the  latter. 
Even  when  we  compare  plants  with  animals,  so  long  as  we 
confine  our  researches  to  the  higher  members  of  the  two  kins, 
doms,  the  distinctions  are  evident  enough  ;  difficulties  only 
occur  when  we  look  deeply  into  the  subject  and  compare 
together  those  bodies  which  are  placed  lowest  in  the  scale  of 
creation,  and  stand  as  it  were  on  the  confines  of  the  two  king- 
doms. It  is  then  that  we  find  the  impossibility  of  laying  down 
any  certain  characteristics  by  which  all  the  members  of  the  two 
kingdoms  may  be  absolutely  distinguished.  We  shall  at  present, 
therefore,  confine  our  attention  to  those  characters  by  which 
plants  may  in  a  general  sense  be  distinguishe<l  from  animals, 
leaving  the  more  extended  investigation  of  the  subject  to  the 
future  pages  of  this  volume. 

In  the  first  place,  we  find  that  plants  hold  an  intermediate 
position  between  mineraLs  and  animals,  and  derive  their  nourish- 
ment from  the  earth  and  the  air  or  water  by  which  they  are 
sarroonded,  and  that  they  alone  have  the  power  of  cmiverting 
iiKnTganic  or  mineral  matter  into  organic.  Animals,  on  the  con- 
irary,  live  on  organic  matter,  and  reconvert  it  into  inorganic.  In 
other  words,  plants  produce  organic  matter,  and  animals  con- 
sume it. 

Secondly,  plants  are  generally  fixed  to  the  soil,  or  to  the  sub- 
stance upon  which  they  grow,  and  derive  their  food  immediately 
by  absorption  through  their  external  surface  ;  while  animals, 
being  possessed  of  sensation  and  power  of  voluntary  moticm,  can 
wander  about  in  search  of  the  food  that  has  been  pre|)ared  for 
them  by  plants  and  other  animals,  and  which  they  receive  into 
an  internal  cavity  or  stomach.  Plants  are,  therefore,  to  be  re- 
garded as  destitute  of  sensation  and  power  of  voluntary  minion, 
and  as  being  nourished  from  without ;  while  animals  are  pos- 
sessed of  such  attributes,  and  are  nourished  from  within. 

Thirdly,  during  the  process  of  assimilation  plants  decompose 
the  carbon-dioxide  of  the  air  or  water  in  which  they  aoe  growing, 
and,  uniting  the  carbon,  which  is  obtained  from  this  decomposi- 
tion, with  Uie  elements  of  water,  to  form  starch,  restore  to  the 
atmosphere  or  water  the  greater  part  of  the  oxygen.  Animals, 
on  the  contrary,  during  the  process  of  respiration  take  into  their 
tissues  free  oxygen,  and  retiun,  in  its  place,  to  the  surround- 
ing medium  in  which  they  live,  carbon-dioxide,  the  result  of 
the  combination  of  the  superfluous  carb<m  in  the  animal  system 
with  the  oxygen  which  has  been  inhaled.     Plants,  therefore,  in 
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assimilation  absorb  carbon-dioxide  and  eliminate  oxygen;  while 
animals  in  respiration  absorb  oxygen  and  eliminate  carbon- 
dioxide.  This  process  of  assimilation  in  plants  must  not  be  con- 
founded, as  was  formerly  the  case,  with  their  respiration,  as  will 
be  described  hereafter  in  treating  of  the  Physiology  of  Plants. 

Fourthly,  while  all  plants  and  animals  are  made  up  of  cells, 
those  of  the  latter  do  not  develope  upon  their  exterior  any  sub- 
stance essentially  differing  from  the  more  internal  protoplasm ; 
the  whole  substance  of  the  cell  is  more  or  less  homogeneous,  and 
consists  throughout  of  matter  which,  when  analysed,  can  be 
shown  to  be  made  up  chiefly  of  the  four  elements.  Carbon, 
Oxygen,  Hydrogen,  and  Nitrogen.  The  protoplasmic  mass 
forming  the  cells  of  plants,  on  the  other  hand,  invariably  sooner 
or  later  becomes  changed  on  its  outer  surface  ;  a  membranous 
covering  is  developed  which,  as  the  cell  grows  older,  may  be- 
come  more  or  less  thick,  hard,  tough  or  flexible,  and  which 
in  a  pure  condition  is  destitute  of  the  element  nitrogen.  This 
membrane  is  termed  the  ceU-xvallj  and  the  substance  ol  which 
it  is  composed  is  called  cellulose.  Plants,  then,  are  made  up  of 
cells  the  protoplasm  of  which  is  enclosed  in  a  cell-wall  of  cel- 
lulose ;  while  animals  are  made  up  of  cells  which  have  no  such 
cell-walls. 

In  reference  to  the  above  distinctive  characters,  it  should  be 
especially  noticed  that  they  are  only  general,  namely,  those  de- 
rived from  comparing  together,  as  a  whole,  the  members  ol  the 
animal  and  vegetable  kingdoms  ;  and  that  to  all  such  characters 
some  exceptions  may  be  found  when  we  compare  particular  in- 
dividuals. 

The  presence  of  starch  was  also  formerly  considered  as  a 
dia^ostic  character  of  plants,  but  more  recent  investigations 
have  shown  that  this  substance,  or  at  least  one  isomeric  with, 
and  presenting  the  same  general  appearances  as  it,  is  also  to  be 
found  in  the  tissues  of  animals.  The  presence  of  starch  there- 
fore in  any  particular  organism,  can  no  longer  be  regarded  as 
forming  an  absolute  distinctive  character  between  a  plant  and 
an  animal. 

We  arrive  accordingly  at  the  conclusion  that  it  is  impossible 
to  give  a  complete  and  perfect  definition  of  a  plant,  or,  in  other 
wo^,  to  lay  down  any  single  character  by  which  plants  can  in 
all  cases  be  distinguished  from  animals.  In  determining,  then, 
whether  an  organism  under  investigation  be  a  plant  or  an 
animal,  the  naturalist  must  first  take  into  his  consideration,  not 
any  one  character  alone,  but  the  sum  of  all  the  characters  which 
it  may  exhibit. 
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The  most  superficial  examination  by  the  unassisted  eye  of  any 
of  the  more  highly  developeil  and  organised  plants  enables  us 
to  distmgmsh  various  parts  or  organs,  as  root,  stem,  leaves, 
and  the  parts  of  the  flower.     A  similar  examination  of  plants  of 
lower   organisation   and  development  presents  tr>  our  notice 
either  the  same  organs,  or  organs  of  an  analogous  nature  to 
those  of  the  higher  plants.     By  a  more  minute  examination  of 
these  several  organs  by  the  microscope,  it  will  be  found  that  they 
are  all  made  up  of  others  of  a  simpler  kind,  in  the  fonn  of  little 
membranous  closed  sacs,   called  cells,  and  elongated  tubular 
bodies,  of  various  forms,  sizes,  and  appearances,  which  are  com- 
bined together  in  various  ways.     Hence,  in  describing  a  plant 
with  reference  to  its  structure,  we  have  two  sets  of  organs  to 
allude  to,  namely,  the  compound  organs  or  those  which  are  visible 
to  the  naked  eye,  and  the  elementary  structures  of  which  they 
are  composed.     A  knowledge  of  these  elementary  structures  or 
buflding  materials  of  plants  is  absolutely  essential  to  a  com- 
plete and  satisfactory  acquaintance  with  the  com|K)und  organs  ; 
but,  previously  to  describing  them,  it  will  materially  assist  our  in- 
vestigations if  we  give  a  general  sketch  of  the  compound  organs, 
and  of  the  plants  which  are  formed  by  their  union.     According 
to  the  number  of  these  compound  organs,  and  the  greater  or 
less  complexity  which  they  exliibit,  so,  in  a  corresix)nding  de- 
gree, do  plants  vary  in  such  particulars.     Hence  w^e  find  plants 
exhibiting  a  great  variety  of  forms  ;  that  part  of  Botany  which 
has  for  its  object  the  study  of  these  forms  and  their  component 
oigans  is  called  Morphology. 


CHAPTER  1. 


GENERAL  MORPHOLOGY  OP  THE  PLANT. 


The  simplest  plants,  such  as  the  Ked  Snow  (Protococcus),  or 
Glceocapsa,  consist  of  a  single  cell,  which  in  form  is  more  or  lesa 
spherical  or  oval.  In  Protococcus  {fig.  1)  the  cells  separate 
almost  as  soon  as  formed,  while  in  GUeocapsa  they  remain 
bound  together  by  an  environing  capsule  of  gelatinous  matter. 


Fig.  1. 


Fig.  2. 


Pvj.  1.  Several  Red  Snow  plaate  (Pnotoeoccus  {Palmella)  nivalU)t  enoloaing 

minute  bodies  called  spore*,  magoifled. Ftg.  2.  Two  plants  of  OteUlatoria 

spiralis, 

formed  from  the  cell- wall,  for  a  longer  or  shorter  period.  As, 
however,  this  matter  absorbs  more  water,  it  is  gradually  dis- 
solved away  and  the  cells  are  set  free.  In  plants  immediately 
above  these  in  point  of  complexity  we  find  the  cells  still  all  alike, 
but  instead  of  being  separated,  joined  end  to  end  and  forming 
a  straight  or  curved  rod,  as  in  OsciUatona  {fi>g.  2).  All  these 
plants— so  far  at  least  as  is  known — multiply  by  divi3ion  of  their 
cells  only ;  but  a  little  higher  in  the  scale  we  meet  with  plants  in 
which  certain  of  their  cells  perform  the  function  of  nutrition, 
while  t>thers  are  set  apart  for  the  purpose  of  reproduction. 
Thus,  in  the  Moulds,  such  as  Mucor  (fi^.  3),  or  PeniciUium  {fi^,  4), 
the  cells  which  serve  as  organs  of  nutrition  form  branched,  jointed 
filaments,  which  lie  upon  the  surface  of  the  substance  fmniBhing 
the  plants  with  food  ;  while  those  destined  to  reproduce  the 
individual  are  developed  in  globular  cavities  {€t8ci)y  as  in  Mucor  ; 
or  are  arranged  in  necklace-like  branches  at  the  end  of  special 
filaments,  as  in  PeniciUium. 

Yet  a  little  higher  in  the  scale  of  vegetable  life  we  find 
cells  so  combined  as  to  form  leaf-like  expansions  (^.  6),  «r 
axes,  aa  well  aa  special  oi^gana  of  reprodiictum  ( j^.  5,  t,  <). 
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theM  celLi  are  &11  moro  or  leM  alike,  to  that  no  true  dutinction 
can  he  draim  between  the  often  Teiy  different  looking  parte  ire 
meet  with  in  such  pUnta  aa  a  tea-weed  ur  a  muthroom.  Such  a 
combination  of  aimilar  celli,  whatever  the  precise  form  may  he, 
which  preseuta  no  differentiation  of  leaf,  Bt«m,  and  root,  is 
called  a  IhaUui  or  thallotm,  and  everj  thallua- producing  plant 
is  theiefora  termed  a  ThaUophgte  or  TlCdlogen.  Under  t^  nead 
of  Thallophjtaa  we  compriae  idl  those  simpler  forma  of  plants 
which  are  oommonly  known  as  Algie,  Lichens,  and  Fungi. 


Flo.  8. 


Fio.  ^ 


Fiu.  S. 
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/V'  !■  A  qccfa  tt  Honlil  (JVneor).  vltli  nynLlam 
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I  all  Thailophftea  are  conipused  of  cells  which  ap- 
orleM  closely  to  the  spherical  or  oral  form,  orif  elou- 
fnted  are  thin-walled  and  flexible,  they  are  also  termed  Celinlar 
Pltmtt,  in  contradistinction  to  those  which  come  abore  them  which 
are  called  Vateuiar  FUmis  on  account  of  their  poHsessing,  in  addi- 
tion to  these  cells  which  are  termed  parenchymatous,  elongated 
tbick-wajled  cells,  called  prosenchymatous  or  wood-cells  (see 
paga  37)  ;  and  also,  in  most  caaea,  except  in  the  intermediate 
oroen  of  liverwort!  and  Hoaaea,  variously  fumied  tubular  or- 
f^B»  which  are  known  under  the  name  of  vessels. 

From  the  Thallophytes,  by  various  intermediate  stagea,  we  ar- 
rive at  KO  order  of  plMits  called  iAtwrtcoris.  In  the  lower  forma 
of  thia  group,  e.g.  Mardtantia  {fig.  G),  we  have  a  green  flat 
Uiallua-lookiiw  stem  bearing  upon  its  under  surface  scale-like 
^pandagea,  ue  first  representatives  of  true  leaves.  In  the 
higbM  formi,  aa  Jitngtrmamnia  {fig.  7),  the  stem  and  le&YQB  m 
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both  more  highlj  developed.     In  the  Mosses,  e.g.  Folytrielmm 
(fig*.  8  and  ft),  the  st«mB  oft«n  contain  slong&ted  cella,  which  are 


to  A  eertfun  extent  thickeoed,  and  differ  little  firom  the  true 
wood-celts  met  with  in  higher  plants  ;  this  tissue,  too,  is  often 
jmdonged  into  the  leaf,  when  it  f iinns  a  midrib-  Correlated  with 
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Fio.  10. 


Fig.  11. 


ihiB  greater  development  of  the  organs  of  nntrition  we  find 
the  reproductive  apparatus  similarly  advanced  in  complexity  of 
stmcture.  The  female  element,  or  oaspherty  consists  of  a  mass 
of  protoplasm  situated  in  the  interior  of  a  flask -shaped  cellular 
organ,  the  archegoniutn  {fig.  8),  and  this  is  fertilised  by  small 
partides  of  motile  protoplasm  (antherozoida),  which  are  de- 
veloped in  cells  formed  inside  a  bladder-like  structure  called  the 
ofUheridiufn  (fig.  9). 

All  plants,  from,  and  including  the  Liverworts  and  Mosses  up- 
wards, under  ordinary  circumstances,  present  us  with  a  distinct 
stem  bearing  leaVes,  and  are  therefore  €»dled  Cormophytes  (corma, 
a  stem),  signifying  that  they  are  stem-producing  plimts,  to  distin- 
guish them  from  the  ThalUiphytes  or  thcUltu-fonning  plants,  just 
alluded  to. 

The  Liverworts  and  Mosses  are,  how- 
ever, destitute  of  true  roots  and  vessels, 
such  as  exist  in  the  next  and  all  the 
higher  groups  of  plants. 

Still  ascending,  we  find  in  the  Club- 
mosses  (fig.  10),  Horsetails  (fig.  11), 
Ferns  (Jig.  12),  a  continued  advance- 
ment in  complexity  of  structure,  spiral 
and  other  vesiels  make  their  appearance 
for  the  first  time,  and  the  stems  are  fre- 
quently of  considerable  magnitude.  Ca- 
lafnUes,  an  order  of  plants  nearly  allied 
to  the  Horsetails,  and  which  were  ex- 
tremely abundant  during  the  formation 
of  our  coal  measures,  would  appear  to 
have  reached  the  height  of  our  loftiest 
trees ;  while  at  the  present  day  in  tropical 
coun^es,  Tree-ferns  will  frequently  at- 
tain the  height  of  twenty  feet  or  more 
(fig.  13),  and  sometimes  even  as  much 
as  forty  feet.  In  these  plants  true  roots 
first  also  appear,  but  they  are  generally  Fig.  lo.  The  oommon  ciub- 
broken  up  into  numerous  small  fibres  and     »"*^   ^^«'^"'"rJfSS" 

V  1  J       •     XL     A  A        turn). rig.  11.    Frnctln- 

never  become  enlarged  as  in  the  tap-roots 
(fig.  18,  r)  of  the  higher  flowering  plants. 
Cri^oiogamirtu  Plants. — In  all  the 
plants  above  mentioned  we  have  no  evi- 
dent flowers  as  in  the  higher  plants,  hence  they  are  called  Flower- 
less  ;  but  their  organs  of  reproduction  are  very  small  and  incon- 
spicuous, and  therefore  they  are  also  termed  Crtfptoganious,  that 
is  to  say,  plants  with  concealed  or  invisible  reproductive  organs. 
These  Cryptogamous  plants  are  again  divided  into  two  groups, 
called  Comu^^k]ftes  and  ThaUopk^es  ;  the  latter  comprising  the 
nmjfier  famui  c^  plants,  which,  as  previously  noticed,  are  com- 
monly known  aa  Algss,  Fungi^  and  Lichenfl,  and  whic^  pTQ&eiit 
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cation  of  tho  Oreat  Water 

lloraetail    (ISquisetum    Trl- 

ma'teia). 
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no  dutinctiou  of  root,  stem,  and  le&f  {Jigi.  1-5) ;  and  the 
former  group  those  planta,  ench  u  the  Uvurworta  (Jigi.  6-7), 
Mowea  (Jigi.  8  and  9),  Club-moues  {fig.  10),  Horaetaila  (fig. 


-Fig.  H.  ^.  TnHaw,  ah 

"  ,lM™,wlih: 
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II),  and  Fenu  (fifft.  12  utd  13),  which  preaent  lu  with  an  evi- 
duit  item,  beonng  leave*,  and,  except  the  Liverwort*  and 
Moaaoa,  «Uo  true  Mot*  and  veaMb  of  different  kinds. 
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Pkanerogamaus  Planit. — All  plants  above  those  called  Cryp- 
tagamoQS,  from  poBBessing  evident  flofren  orreproductive  organs, 
are  termed  Phanerogamous ^  Phanoga/nuju»y  or  Flowerifng,  Tiiese 
latter  plants  are  also  reproduced  by  true  9eed»  instead  of  gpores,  as 
is  the  case  in  all  Cryptogams  ;  a  seed  being  essentially  distin- 
gaished  from  a  spore,  from  containing  within  itself  in  a  rudi- 
mentary condition  all  the  essential  parts  of  the  future  plant  in 
the  form  of  an  embryo  (Jig.  14) ;  while  a  spore  merely  consists 
of  a  single  cell,  or  of  two  or  more  united,  and  never  exhibits 
any  distinction  of  parts  until  it  begins  to  develope  in  the  ordinary 
process  of  vegetation,  and  then  only  in  certain  cases. 

These  Phanerogamous  plants  also  present  two  well-marked 
divisions,  called  respectively  the  Angwspermia  and  Gwnnosper- 
tnia  :  the  former  including  those  plants  in  which  the  ovules 
are  enclosed  in  a  case  called  an  ovary  (fig.  32,  o,  o) ;  and  the 
latter,  such  plants  as  the  Fir  and  Larch,  in  which  the  ovules 


Fig.  15. 


Fig.  14. 


Fig.  14.  IMootyledoDoiu  embryo  of  the  Pea.  r.  The  radicle,  t.  The  axL* 
itigtile),  tflnniiiated  by  the  plumole,  it.  e,  c.  Tlie  cotyledons  or  8<>od-leaTi>(i. 
^—Fiff,  1ft.  Bract  or  oarpellary  leaf,  «c,  of  a  speolea  of  Finu$^  bearing  two 
naked  omles,  ot,  at  its  bate. 

are  naked  {fig.  15,  ov)  or  not  enclosed  in  an  ovary.  In  the 
Phanerogamous  plants  we  have  the  highest  and  most  perfect 
condition  of  vegetation,  and  it  is  to  these  that  our  attention 
will  be  more  especially  directed  in  the  following  pages.  But 
before  proceeding  to  describe  in  detail  the  elementary  struc- 
tures of  these  and  other  plants  and  the  different  parts  or  organs 
which  they  form  by  their  combination,  it  will  be  more  conve- 
nient and  intelligible  to  give  a  genend  sketch  of  the  nature 
and  characters  of  these  compound  organs,  and  to  explain  the 
meaning  of  the  various  technical  terms  which  are  employed  for 
their  description. 

We  have  jost  ofeated  that  a  seed  contains  an  embryo,  in  which 
the  mnntiif  parts  or  onjpns  of  the  future  plant  are  present 
in  a  zndiiiMiitMy  state.  The  embryo  of  a  common  Pea  may  be 
taken  for  the  purpose  of  illustration  {fig.  14).  Here  we  find  a 
eentral  ajus^  i,  the  lower  j>art  of  which  is  called  t\i« 
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radicle,  r  ;  and  its  upper  extremity,  which  is  terminated  by  two 
or  more  rudimentary  leaves,  is  termed  the  plumuie  or  gemmule, 
n.  This  axis  is  united  to  two  fleshy  lobes,  c,  e,  whose  office  is 
of  a  temporary  nature,  and  to  which  the  name  of  cotyledons  or 
seedrleavea  has  been  given.  Some  seeds  only  contain  one  coty- 
ledon in  their  embryo  (fig.  17,  c),  instead  of  two  as  just  de- 
scribed in  the  Pea  (fi^.  14,  e,  c) ;  hence  we  divide  Phanerogamous 
plants,  or  those  which  are  reproduced  by  seeds,  into  two  great 
classes,  called,  respectively,  Dicotyledones  (two  cotyledons),  and 
Monocotyledones  (one  cotyledon).  As  Cryptogamous  plants  have 
no  cotyledons,  they  are  termed  Acotyledonous  ;  hence  we  have 
two  great  divisions  of  plants,  the  Gotyledones  and  the  Acoty- 
ledones,  the  former  being  again  divided  into  the  Monocotyle- 
dones and  the  Dicotyledones. 


Fig.  16. 


Fig.  17. 


Fig.  16.  Ckrmlnation  of  tho  Haricot  or  French  Bean,  a  Dicotyledonous  plant, 
r.  The  roots,  springing  from  the  lower  end  of  the  axis,  ( {Hgelle).    c,«.  The 

cotyledons,    rf,  d.  The  leaves, Fig.  17.  Germination  of  Maize,  a  Mono- 

cotyledonons  plant.    (.  The  axis,  givmg  off  roots  from  its  lower  extremi^. 
c.  The  cotyledon,    g.  The  leares  and  young  stalk. 

When  a  seed  is  placed  under  favourable  circumstances  (which 
will  be  treated  of  hereafter  in  speaking  of  the  process  of  germi- 
nation), the  embryo  it  contains  begins  to  develope  (figs.  16  and 
17)  ;  the  lower  part  of  its  axis,  t,  or  radicle,  or  one  or  more 
branches  from  it,  growing  in  a  downward  direction,  while  the 
upper  part  elongates  upwards,  carrying  the  plumule  with  it, 
and  at  the  same  time  the  cotyledonary  portion  becomes  deve- 
loped and  forms  the  first  leafy  organs.  We  have  thus  produced 
s  centra}  axis  developing  in  two  opposite  directions  ;  the  lower 
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part  is  called  the  descending  cueis  or  rout  (fig.  16,  r),  and  the 
upper  the  (impending  <mxU  or  stem,  t.  Upon  thi»  ascending  axis 
or  its  divisions  all  the  future  organs  of  the  plant  are  arranged  ; 
those  which  immediately  succeed  the  cotyledons,  c,  c,  constitute 
the  first  true  leaves  of  the  plant,  dy  d ;  and  all  which  succeed  the 
leaves  in  the  order  of  development,  such  as  the  flower  and  its 
parts,  are  merely  modifications  designed  for  special  purposes  of 
those  organs  which  have  preceded  them.  Hence  these  three 
organ*,  namely,  root,  stem,  and  leaves,  which  originally  exist  in 
the  CTahryo  in  a  rudimentary  state,  or  are  developed  as  soon  as 
germination  commences,  are  called  the  fundamental  organs  of 
the  plant.  They  are  also  called  organs  of  wUrition  or  vegetation^ 
because  they  have  for  their  object  the  nutrition  and  develop- 
ment of  the  plant  to  which  they  belong ;  while  the  flower  and 
its  parts  have  assigned  to  them  the  office  of  reproducing  the 
plant  by  the  formation  of  seeds,  and  are  hence  termed  organs  of 
reproduction. 

In  like  manner,  when  a  spore  germinates,  it  either  simply  de- 
velopes parts  which,  as  we  have  seen,  perform  er|uallv  both  nutri- 
tive and  reproductive  functions ;  or  a  certain  Bpecial  apparatus  is 
designed  for  the  latter  purpose,  as  is  the  case  in  all  the  higher  Cr}^!)- 
togamous  plants.  We  have  here,  therefore,  as  in  Phanerogamous 
plants,  two  manifestly  distinct  series  of  organs,  one  adapted  for 
nutrition,  and  another  for  reproductiim.  Hence  in  treating  of 
the  different  organs  of  the  plant,  both  in  reference  to  their 
structure  and  functions,  we  arrange  them  in  two  divisions : 
namely,  1.  Organs  of  Nuiritian  or  Vegetation  ;  and  2.  Organs  of 
Reproduction.  But  before  proceeding  to  describe  these  in  detail, 
it  IS  necessary  that  we  should  briefly  define  these  organs,  and 
explain  the  terms  used  in  describing  their  principal  modifications. 

1.  Oboakb  of  Nutrition  or  Vboetation.  a.  The  H(H)t. — 
The  root  {figs.  16  and  18,  r)  is  that  part  of  a  plant  which  at 
its  first  development  in  the  embryo  takes  a  direction  oppo- 
site to  the  stem,  avoiding  the  light  and  air,  and  hence  called 
the  descending  axis,  and  fixing  the  plant  to  the  soil  or  to  the 
substance  upon  which  it  grows,  or  floating  in  the  water  when 
the  plant  is  placed  upon  the  suritace  of  that  medium.  The  divi- 
sions of  a  root,  which  are  given  off  irregularly  and  without  any 
symmetrical  arrangement,  are  termed  branches  (^.  18,  r),  and 
the  hair-like  prolongations  found  upon  young  growing  roots 
are  called  ^i^riis  or  root  hairs  (fig.  19). 

b.  The  Stem  or  Caulome.  —The  stem  (fiy.  18,  t)  is  that  oi^an 
whidi  at  its  first  development  passes  upwards,  seeking  the  light 
and  air,  and  hence  termed  the  ascending  axis,  and  beuing  on  its 
surface  leaves,  /,  /,  and  other  leafy  appendages.  The  leaves  are 
always  developed  at  regular  points  upon  the  surface  of  the  stem, 
whidi  are  called  nodes,  and  in  the  axil  of  every  leaf  (that  is,  in 
the  aa^le  produced  by  the  junction  of  the  base  of  the  upper  sur- 
face ci  the  leaf  with  the  stem)  we  find,  under  ordinary  circum- 
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stances,  a  little  conicftl  bodj  called  a  Uaf-bvd  {figi.  18,  h,  b,  and 
21,  6).      From  these  leaf-buds  the  branches  are  subsequently 


|iTodiiced,  and  heuce,  in  the  stem,  these  are  ■yrametrically 
arranged,  and  not  irregularly,  as  in  the  root,  where  there  ia  no 
such  special  provision  for  their  formation.     It  is  in  the  presence 
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c  The  Leaf  or  Phyllome,  — The  leaf  is  commonly  a  more  or  less 
flattened  expansion  of  the  stem  or  branch  (figs,  20  and  21).  As 
already  stated,  the  point  from  which  it  arises  is  called  a  node ;  and 
the  space  between  two  nodes  is  therefore  termed  an  intemode.  In 
its  highest  state  of  development  the  leaf  consists  of  three  parts ; 
naniely,  of  an  expanded  portion,  which  is  usually  more  or  less 
flattened  (figs.  20  and  21,  1),  called  the  lamina  or  blade  ;  of  a 
narrower  portion  by  which  the  lamina  is  connected  with  the 
stem,  termed  the  petiole  or  leaf -stalk  (figs.  20  and  21,  p)  ;  and  of 
a  third  portion  at  the  base  of  the  leaf  which  exists  in  the  form 
of  a  sheath  (fig.  20,  d)  encircling  the  stem,  or  as  two  little  leaf- 
like appendages  on  each  side,  which  are  called  stipules  (fig,  21, 
Sy  s).  These  three  portions  are  by  no  means  always  present ; 
but  one  or  two  of  them  may  be  absent ;  and  in  such  cases  when 
the  petiole  is  absent  the  leaf  is  said  to  be  sesaiUf  and  if  the 
stipules  are  wanting  the  leaf  is  described  as  exstipulate.  When 
a  leaf  becomes  thick  and  fleshy,  instead  of  presenting  its  ordinary 
flattened  appearance,  it  is  termed  sucaiUnt. 

2,  Organs  of  REPBonucrnoN. — As  already  noticed,  the  parts 
of  a  flower  are  only  leaves  in  a  modified  condition  adapted  for 
special  purposes  ;  and  hence  a  flower-bud  is  analogous  to  a  leaf- 
bud,  and  the  flower  itself  to  a  branch  the  intemodes  of  which 
are  but  slightly  developed,  so  that  all  its  parts  are  situated  in 
nearly  the  same  plane. 

a.  The  Flower-stalk  or  Peduncle. — The  stalk  which  bears  a 
solitary  flower  or  several  sessile  flowers  (fig.  22,  p),  is  called  the 
HowerstaUc  or  peduncle ;  or  if  the  stalk  branches  and  each 
branch  bears  a  flower,  the  main  axis  is  still  called  a  peduncUj 
and  the  stalk  of  each  flower  a  pedicel  (fig.  23,  ped,  ped) ;  or 
if  the  axis  be  still  further  subdivided,  the  general  name  of 
peduncle  is  applied  to  the  whole,  with  the  exception  of  the 
stalks  immediately  supporting  the  flowers,  which  are  in  all 
cases  called  pedicels.  The  leaves  which  are  placed  upon  the 
flower-stalk,  and  from  the  axils  of  which  the  flower-buds  arise,  are 
termed  bracts  or  floraZ  leaves  (figs.  22  and  23,  6,  b).  In  some 
cases  these  bracts  are  of  a  green  colour,  and  in  other  respects  re- 
semble the  ordinary  leaves,  but  usually  they  are  distinguished 
from  the  leaves  of  a  branch  by  difierences  of  colour,  outline,  and 
other  peculiarities.  The  flowers  are  variously  arranged  upon  the 
floral  axis,  and  to  each  mode  of  arrangement  a  special  name  is 
applied  ;  the  term  inflorescence  being  used  in  a  general  sense  to 
include  all  such  modifications. 

b.  The  Flower. — A  complete  flower  (fig.  24)  consists  of  the 
essential  organs  of  reproduction  enclosed  in  two  particular  en- 
velopes which  are  designed  for  their  protection.  The  essential 
organs  are  called  the  Androecium  (fig.  26,  ec,  cc),  and  Gy^ioecium  or 
PislU  (figs.  25,^i,  and  31 ,  o,  sti).  The  floral  envelopes  are  termed 
Calyx  Xfig-  24,  c),  and  Corolla,  p,  p.  The  extremity  of  the  peduncle 
or  pedicel  upon  which  the  parts  of  the  flower  are  placed,  is  called 
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the  Thalat 


Bometimei,  but  improperly,  the  See^tade  {Jigs. 
luad  30,  x).     The  flontl  whom  or  circlea  are  situated  o 


us,  proceeding  from  without  inwards  in  the  following 
order: — 1.  Calyx,  2.  Corolla,  3.  Androecium,  4.  Qynaeoium. 
The  Calyx  {fig.  24,  c)  ia  the  whorl  or  circle  of  organs  forming 
Fro.  23. 


'falflh  enclon  the  plitu. 


the  outer  envelope  or  covering  of  the  flower,  Ita  parta  are 
called  Sepai*,  and  theie  are  generally  green,  and  of  a  lew  deli- 
cate texture  than  those  oonatituting  Uie  corolla.  In  texture, 
aiq>earance,  and  other  ohaiactera  they  bear  commonly  a  great 
"     '6  to  the  true  leRvei. 
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The  CoroUa  (fig.  34,  p,  p).  U  the  whorl  or  whorU  of  lotif 
oi^Mis  Bitnated  wiUkin  tha  calyx,  and  foming  the  inner  enve- 
lope of  the  flower.  Ita  part*,  which  are  called  PftaU,  are  fre' 
quentl;  decorated  with  the  riclieat  coloun  ;  b;  which  character, 
and  by  their  mote  delicate  nature,  the;  may  be  usually  known 
from  diose  of  the  calyx. 

The  calyx  and  corolla  ai«  BORietiniea  spoken  of  collectively 
under  the  name  of  Perianth  (Jig.  27).  Thia  term  is  more 
particniarly  applied  to  Monocotyledonoui  Plants,  where  the 
floral  envelopee  generally  resemble  each  other,  and  are  nsually 
all  coioared  or  pelaloid  in  their  nature.  The  Tulip,  the  Iria, 
and  the  Crocua  may  be  taken  a«  familiar  example*. 


The  floral  envelopes  are  also  called  the  non-aiential  organs  of 
the  flower,  because  their  presence  is  not  abiolutely  necessary 
for  the  production  of  tlie  seed.  Sometimes  there  is  only  one 
floral  envelope,  as  in  the  Goosefoot  (fig.  28)  ;  this  is  then  pro- 
perly considered  ss  the  calyx,  whatever  be  its  colour  or  other 
pecoUarity,  and  the  flower  is  said  to  be  MmiocJilamytUovt,  Some 
botanists,  however,  use  the  term  perianth  in  this  case,  as  will  be 
described  hereafter  in  treating;  of  the  Calyx  in  detail.  At  other 
times,  as  ia.khe  Ash.(^.  29).  and  Willow  (figi.  33  and  34),  both 
the  flonl  ^Qvelopeli'  are  absent,  when  the  flower  is  termed  naked 
or  AMamydeoHi.  When  both  floral  envelopes  are  present  (fig. 
34),  the  flower  is  said  to  be  Dichlataydeout. 

The  AndngeiuM  constitutes  tlie  whorl  at  whorls  of  organs 


W 


18 


THE   FLOWBS. — AK1>B<EC1CU. 


■itufttod  on  the  inaidn  of  th«  corolla  {fi^.  25,  <e,  mV  Ita  puts 
are  called  Slamene,  Each  ntamen  conaiaU  etaentiallj  of  a  caae 
or  bag,  caUed  the  AnthtT  {jig.  26,  a),  which  contaiDB  in  ita  inte- 
rior apowdery,  or  more  rarely  waxy,  aubatauce,  caXMi  the  FoUen, 
p.  Thia  pollen,  the  nature  of  which  can  onlj  be  seen  when 
Fig.  29. 


(CAbk-p**"").  with  onlj  one  a<nl  niTtloiH 

. rtf.  i9.  Floww  of  the  ooaunon  Aih  {FrmxtKia\  to 

rc\oftt  in  tltoeelhsT  aimsM  {artiliuityiltoia). 

highlj  magnified,  ia  found  to  be  fonned  of  an  innumerable  nom- 
ber  of  minute  grains,  or  more  properly  cells,  the  poEIen  graitu  or 
poUen  edit,  each  of  which  resemblea  a  double  aac  encloaing  a 


).  OjntBdnm  ot  Colinnhlne  {Aqalltiln  m/Bonj). 

1.  0;tKKlDiii  of  FapVY  (ftiptw-i,  with  one  ituiKiiutiliictniai 

Mow    It   {*n»W»o»')-      "■    Dndted   OTirl™,      iir,   Stl(Iid»». rto.   W. 

Vertlal«Ugnci(th<g7niBcinmor  ChePuiqr  |P»lair(ol«r).  e,  Cdfi. 
d.  Oriry.  d.  Flumta.  >,s.  Onla.  j.  SUfnnaon  the  numnltof  iiihart 
(tl-lB. 

gTBnahrfiDid  protoplaam,  the/onUa,  andirtuch  conatitntei  the 
male  fertiliaing  element.  The  pollen  whenripeiadisohatged,  aa 
repreaented  in  the  figure,  through  little  alita  or  hcdea  lonatA  in 
the  anther.     Tbeie  are  the  only  eaaential  parta  of  a  atamen ; 
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bnt  it  generall7  posMMM  in  addition  a  little  column  or  atalk, 
called  the  FUametU,  f,  whicb  then  snpports  the  anther  on  itK 
■nmmit.  When  the  tilunent  i»  absent,  the  anther  i«  iaid  to  be 
MMilc  The  staminal  whorl  is  termed  the  Andrtxeivm,  from  its 
constituting  the  male  syitem  of  Flowering  PUnts, 

The  O^MFctum  orPUtQ  is  the  only  remaining  organ  ;  it  ocoi- 
piea  the  centre  of  the  flower  (fig.  2fi,  iti),  all  the  other  orgiuis 
being  ansnged  around  it  when  these  are  present.  It  consist*  of 
one  or  more  parts,  called  CarpeU,  which  are  either  distinct  from 
each  other  {apoaurpaut),  as  in  the  Columbine  [fig^  30,  c),  or  com- 
bined into  one  body  {*yncoTpoi«),  as  in  the  Poppy  {fig.  31), 
The  pistil  is  termed  the  gynacium  from  its  constituting  the 
female  syttem  of  Flowering  Plants.  Each  earpel  consists  of  a 
hollow  inferior  part,  called  the  Otary  (figs.  30,  o,  and  32,  if)r 

Fio.  3S. 


in  which  are  placed  one  or  more  little  bodies  called  OwUi  (fig. 
3S,  o,  o),  attached  to  a  part  called  the  placenta,  p,  and  which 
ultimately  by  fertilisation  from  the  pollen  become  the  seeds  ;  of 
a^t^nxi,  or  space  of  variable  size,  composed  of  lax  parenchyma- 
tous tissue  without  epidermis,  which  is  either  placed  sessile  on 
the  top  of  the  ovsry,  as  in  the  Poppy  {fig-  31 ,  tU),  or  it  is  situated 
on  a  stalk-like  pmtion  prolonged  from  the  orar;,  called  the  Style 
(fig.  30,  ity).  The  only  essential  ports  of  the  carpel  are  Uie 
amy  and  stigma ;  the  style  being  no  more  necessary  to  it  than 
the  filament  is  to  the  stamen. 

The  andrceciuin  and  ajnoecium  are  called  tuetUial  orgatu 
becMise  the  action  of  bota  is  necessary  for  the  production  of 
the  aeed ;  >  flower,  therefore,  which  contains  botn  andnsdum 
and  gsrncedum,  is  said  to  be  ptrfeet.  It  frequently  happena, 
htnrarer,  tbat  either  the  gjnceciuni  or  ondrtecium  is  aWiii 
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from  a  flower,  as  in  the  Willow  {figs.  33  and  34),  in  which 
case  the  flower  is  termed  unisex^ud  ;  and  it  is  still  further  cha- 
racterised as  dami^xate  or  male  {fig,  33),  or  pidUlate,  carpel- 
lary,  or  female  {fig,  34),  according  as  it  possesses  one  or  the 
other  of  these  organs. 

c.  The  FnUt  and  Seed. — At  a  certiun  period  the  pollen  is 
carried  to  the  stigma  by  insects  {entomophilwis),  or  borne  by  the 
wind  {aneniophilotis)  ;  this  is  called poUiruUiony  and  is  to  be  distin- 
guished from  fertilisation,  which  consists  in  the  commingling  of 
the  foviUa  with  the  female  element  of  the  ovule, — the  germinal 
vesicle.  After  fertilisation  has  been  effected,  important  changes 
take  place  in  the  pistil  and  surrounding  organs  of  the  flower, 
the  result  being  the  formation  of  the  fruit.  Essentially  the 
fruit  consists  of  the  mature  ovary  or  ovaries,  containing  the  im- 
pregnated or  fertilised  ovule  or  ovules,  which  are  then  termed 
seeds.  In  some  cases,  besides  the  mature  ovary  or  ovaries,  other 
parts  of  the  flower,  as  will  be  explained  hereafter  (see  FSxuit), 
also  become  a  portion  of  the  fruit.  The  fruit,  when  perfectly 
formed,  whatever  be  its  composition,  consists  of  two  parts  ; 
namely,  the  shell  or  pericarp,  and  the  seeds  or  seed  contained 
within  it.  At  varying  periods,  but  commonly  when  the  fruit  is 
ripe,  the  pericarp  opens  so  as  to  allow  the  seeds  to  escape  ;  or  it 
remains  closed,  and  the  seeds  can  only  become  free  by  its  decay. 
In  the  former  case  the  fruit  is  said  to  be  dehiscent ;  in  the  latter, 
indehiscent.  Fruits  with  very  hard  or  fleshy  pericarps  are  usually 
indehiscent. 

The  seed,  as  already  noticed,  is  the  fertilised  ovule.  It  con- 
sists essentially  of  two  parts;    namely,  of  a  widens  or  kernel 

{fig.  35,  emb,  alb),  and  integuments,  int. 
There  are  usually  two  seed-coats  or  integu- 
ments, the  external  of  which  is  commonly 
designated  as  the  test<i  or  episperm,  and  the 
inner  as  the  legmen  or  endople^ira.     The 
nucleus  or  kernel  may  either  consist  of 
the  embryo  alone,  which  is  alone  essential 
to  it  {Jig.  14),  or  of  the  embryo  {fig.  35, 
e7nb)  enclosed  in  nourishing  matter,  called 
the  endosperm  or  albumen,  alb. 
%  tt  J::?'.?.^^",     ,    The  parte  of  the  embryo  having  boon 
of    Poppy    (Papavtr).   already  described,  and  the  mode  in  which 
Mj.  integumente.  «n6.   the  fundamental  organs  of  the  plant  are 
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or  eodosperm.  The  parts  developed  from  them,  we  have  now  nnished 
within  the  integumente  our  general  sketch  of  plants  in  different 
f«m  the  nacieo*  of  the   degrees  of  organisation,  and  the  compound 

organs  which  they  respectively  present, 
and  are,  therefore,  able  to  proceed  to  describe  in  detail  the 
elementary  structures  or  building  materials  of  which  they  are 
composed. 
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CHAPTER  2. 

ELEMENTARY  STRUCTURE  OF   PLANTS,   OR   VEGETABLE 

HISTOLOGY. 

Section  L    Of  the  Cell  as  an  Individual. 

The  description  of  the  elementary  structure  of  plants  in  termed 
Vegetable  Histology. 

All  plants,  as  we  have  previously  seen  (page  5),  are  made  up 
of  one  or  more  membranous  closed  sacs  called  cells  ;  these  vary 
in  form,  size,  and  texture  according  to  the  different  surrounding 
conditions  in  which  they  are  placed,  and  the  functions  which  they 
have  to  perform  (see  pace  35).  The  cell  is  therefore  the  only  ele- 
mentary organ  possessed  by  a  plant ;  and  hence  cells,  as  the  ulti- 
mate elements  of  plants,  necessarily  demand  our  special  attention. 
We  shall  begin,  then,  by  first  describing  their  general  characters 
and  the  natcve  of  their  contents  ;  and  then  pass  on  to  a  more 
detailed  examination  of  their  various  forms,  sizes,  and  structure. 

I.  General  Cha&actebs  ;  and  Contents  of  Cells. — In  the 
vexy  earliest  stage  of  a  plant's  existence— in,  for  example,  the  ger- 
minal vesicle  of  the  higher  plants — the  cell,  then  termed  the  pri- 
mordial cell,  consists  only  of  a  rounded  mass  of  a  semifluid  sub- 
staiioe  to  which  Mohl  has  given  the  name  of  protoplasm.     Very 
shortly,  however,  this  protoplasm  surrounds  itself  on  the  outside 
with  a  thin  transparent  skin  of  cellulose — the  cell  wall— said  in 
this  condition  throe  distinct  parts  can  be  observed  in  the  cell 
(Jig,  36):  1.  the  cell  wall,  a  ;  2.  the  internal  protoplasm  above 
mentioned,  6  ;  and  3.  the  nucleus,  c,  which  is  a  rounder,  denser 
portion  lying  in  the  midst  of  the  protoplasm.     At  first  the  pro- 
toplasm completely  fills  the  cavity,  but  as  the  cell  grows  larger 
it  becomes  insufficient,  and  hollow  spaces  or  vaciioles  {Jig*.  37  and 
38,  /,  «0>  ii>Ake  their  appearance  in  it,  which  are  filled  with  a  clear 
watery  fluid  called  sap  ;  the  nucleus,  k\  is  then  suspended  in  the 
cell  and  connected  to  the  protoplasm  lining  its  inner  wall,  by 
slender  threads  or  bands  of  the  same  substance  {Jig.  38,  p\  p^). 
This  watery  sap  in  the  very  young  cells  is  diffused  generally 
thronffh  the  protoplasm.     Ajb  iate  cell  continues  to  enlarge,  these 
vacooks  run  together  so  as  to  form  one  large  hollow  space  (Jig. 
38,  s,  «),  and  the  protoplasm  is  then  confined  to  a  thin  layer  lining 
the  interior  of  the  cen-wai}— -the  primordial  utricle^  jp,  vr\tYi  \Jla% 
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nucleus  BhovingasadensermaSBiD  &q  enlargement  of  the  proto- 
plasm on  one  nde, ;!;,  k.  In  this  m&ture  cell,  as  itmfty  be  termed, 
ne  distinguish,  1.  the  cell-wall,  2.  the  protoplasm,  3.  the  nucleus, 
4.  the  cell-»ap,  which  will  now  be  described  in  order,  as  placed. 
1.  ThbCeli^waij.(%.  36,  a,  and  38,  h).— Wehave  jiutoeen 
that  the  original  cell,  from  the  after  diviEions  of  which  the  future 
structure  ia  built  up,  consista  of  protoplasm  alone — that,  in  other 
words,  it  has  no  cell-wall.  Very  shortly,  however,  this  condition 
of  things  disappeani.  The  protoplasm,  having  elaborated  mole- 
bules  of  cellulose  (C,H,gO^,  pasBea  them  to  its  outer  surface, 
where  they  form  a  thin,  colourlesa,  transparent,  continuous  mem- 
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briuie  or  akin.  This  membrane  increases  in  thicknei 
iutussusception  of  new  molecules  between  the  older  o 
eventually  there  are  generally  developed  upon  it  Tario 
ings,  which  may  either  be  protuberances  as  in  the  case  <ji  huius 
pollen  cells  (Jig.  70),  and  on  the  cells  forming  the  hairs  on  the 
surface  of  plants  (fig.  71) ;  or  internal  depreasions,  as  may  bo 
seen  in  spiral,  annular,  reticulated,  scalariform,  and  pitted  cells 
(see  pages  39-42).  Those  cells  which  are  isolated,  or  on  the  sur- 
Jace  of  the  plant,  hare  the  various  markings  or-  •*"■■ 
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surface,  while  those  that  are  united  to  form  tissues  have  theni 
on  the  internal  surface  of  their  cell- wall.  The  former  is  termed 
centrifugal  thickening  ;  the  latter  centripetal  thickening. 

This  ceUulose  is  insoluble  both  in  cold  and  in  boiling  water, 
also  in  alcohol,  ether,  and  dilute  acids,  and  almost  insoluble  in 
weak  alkaline  solutions.  By  the  action  of  cold  concentrated 
sulphuric  acid  the  cellulose  is  broken  down,  and  when  diluted 
ana  boiled,  converted  first  into  dextrin,  and  then  into  grape- 
sugar.  When  ceUulose  is  steeped  in  dilute  sulphuric  acid,  and 
then  treated  with  a  solution  of  iodine,  or  if  it  is  acted  upon  by 
Schultz's  solution,  it  is  coloured  bright  blue.  The  cell-w{Jl  con- 
tains in  addition  to  the  molecules  of  cellulose  a  small  quantity  of 
mineral  ash. 

It  rarely  happens  that  cellulose  can  be  found  pure,  as,  in  addi- 
tion to  the  mineral  ash  above  mentioned,  it  generally  is  rendered 
more  or  less  impure  by  the  protoplasm  which  remains  after  the 
death  of  the  cell.  That  which  in  furnished  by  the  cells  of  hairs, 
such  as  Cotton,  is  generally  the  m*  mi  free  from  extraneous  matters. 
The  cell-wall  is  frequently  hardened  by  the  conversion  of  its 
cellulose  into  a  substance  called  lignin.  This  lignification  taken 
place  where  hardness  or  strength  is  required,  as  in  the  tissue 
forming  the  shell  of  nuts,  or  in  the  wood-cells  forming  the  stems 
of  trees.  The  walls  of  cells  which  lie  on  the  surface  of  plants, 
and  are  consequently  exposed  to  more  active  chemical  influ- 
ences, usually  become  cuticulansed,  as  in  the  epidermis  of  leaves 
and  in  the  cork  cells  of  the  bark  ;  the  cell -wall  in  such  cases 
becomes  thickened  and  impervious  to  moisture,  and  it  is  owing 
to  this  circumstance  that  delicate  plants  are  enabled  to  withstand 
the  scorching  and  withering  heat  of  the  hot  sun ;  it  is  also  this 
cuticularisation  of  the  cork  cells  of  the  bark  which  protects  the 
internal  living  parts  of  trees  from  the  damaging  mfluence  of 
frost  in  winter. 

Besides  the  above-mentioned  changes  which  take  place  in 
the  cell-wall,  others  occur  which  are  the  result  of  degradation. 
The  mucilage  of  plants,  as  that  of  the  Mallow  ;  or  the  slimy  sub- 
stance given  off  by  Seaweeds,  or  the  gelatinous  matrix  of  such  or- 
ganisms as  Nodoc  and  Gkexfcapua,  are  examples  of  this ;  gums  and 
resins  are  also  the  products  of  the  degradation  of  the  cell-walls 
of  special  cells  of  the  wood  of  the  trees  in  which  they  occur. 

2.  Thb  Protoplasm  is  the  only  part  of  the  cell,  and  therefore 
of  the  whole  plant,  which  is  possessed  of  life  ;  and  the  differences 
in  the  form,  size  and  nature  of  cells  is  due  to  the  vital  enersy 
whiidi  it  is  capable  of  exerting.  If  this  energy  is  exerted  equaUy 
in  all  directions,  and  there  are  no  other  counterbalancing  forces, 
such  as  pressure  from  neighbouring  cells,  the  form  which  the 
e^  will  assume  will  be  one  approaching  to  a  sphere  {fig,  69). 
Ify  on  the  other  hand,  this  energy  is  exerted  in  one  direction 
only,  the  cell  will  assume  an  elongated  form  {fig,  67).  If  again 
in  two  directions,  flattened  or  tabular  cells  will  be  the  result 
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ifig.  65),    ThJB  internal  energj,  which  is  pmuliar  to  living  pro- 
topUsm,  is  frequently  spoken  of  as  vilal  force. 

The  appearance  of  protoplasm  is  as  varied  as  is  the  form  of 
the  cella  which  it  produces.  It  may  be  granular  and  cipaqae,  or 
perfectly  tt«usparent ;  it  may  be  almost  fluid,  or  of  the  consis- 
ten<7  of  dough  ;  or  again  it  may  be  hard  or  brittle  :  generally, 
however,  it  is  of  a  light  grey  colour  and  more  or  less  granular. 
According  to  Sachs,  that  matter  only  ought  to  be  regarded  as 
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protoplasm  which  is  perfectly  transparent,  and  the  granules 
where  they  occur  are  to  be  looked  upon  as  '  probably  finely 
divided,  assimilated  food-material.' 

Hie  Moeementt  of  Protoplaam. — Doubtless  during  the  whole 
time  that  the  cella  are  growing  the  protoplasm  is  in  a  constant 
state  of  motion,  although  in  many  cases  too  slow  to  bo  observed  ; 
bat  in  some  cells,  such  as  those  forming  the  hairs  of  iwrtain 
plants— f.g.   as  in  those  of  the  Potato  {Jig.  119),  those  occiuring 
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on  the  filaments  of  TradMcawtia,  or  in  those  forming  the  stings 
of  the  Nettle,  or  again  in  the  cells  forming  the  leaves  of  many 
water-plants,  t,g,  ValUtneria,  fig,  40, — this  motion  is  readily 
obsenrable.  It  would  seem  as  though  these  movements  existed 
for  the  purpose  of  bringing  every  part  of  the  living  matter  into 
constant  communication  with  the  nutriment-bearing  sac. 

In  most  cases  the  presence  of  protoplasm  mav  be  readily  de- 
tected by  the  use  of  reagents.  Alcohol  and  weak  adds  cause  it 
to  shriiUc  from  the  cell-wall  {fi^s.  36  and  41) ;  a  solution  of 
iodine  colours  it  brown  ;  while  sugar  and  sulphuric  acid  cause 
it  to  assume  a  pink  colour. 

Protoplasm  is  extremely  rich  in  albuminoids,  which  chemically 
consist  chiefly  of  carbon,  hydrogen,  oxyeen,  nitrogen,  sulphur 
and  phosphorus,  the  most  distinctive  element  being  that  of 
nitrogen.  The  gluten  of  Wheat  is  a  good  example  of  an  albu- 
minoid, and  may  be  easily  obtained  by  washing  ordinary  flour  in 
a  coarse  musliu  bag  till  aJl  the  starch  has  been  got  rid  of.  It 
then  appears  as  a  pale,  grey,  sticky  substance,  and  when  burnt 
gives  off  an  offensive  odour  like  that  of  burnt  meat  Protoplasm 
also  frequently  contains  globules  of  oil,  granules  of  starch,  and 
other  similar  substances. 

The  Primordial  Utricle  (Jig,  38,  p),  as  has  already  been  observed, 
is  the  thin  layer  of  protopkism  which  lines  the  cell- wall  after  the 
cell  has  grown  too  large  to  be  filled  with  the  protoplasm  alone. 
It  is  frequently  so  thin  and  transparent  that  it  cannot  be  detected 
without  the  aid  of  reagents,  which  either  colour  it  or  cause  it  to 
separate  from  the  cell-wall  as  mentioned  above.  Whilst  living 
the  primordial  utricle  is  always  inorganic  connection  with  the  cell- 
wall,  which  latter  indeed  is  only  matter  that  has  been  manufac- 
tured by  the  protoplasm,  and  then  deposited  upon  its  outer  surface. 

3.  Ths  Nucleus  or  Oytoblast,  which  exists  in  all  the  cells 
of  the  higher  plants,  and  is  absent  from  only  a  few  of  the  lower 
forms,  is  differentiated  from  the  surrounding  protoplasm  as  a 
denser  portion  of  the  same  substance  (fig.  36).  It  usually  pre- 
sents a  more  or  less  rounded  outline,  and  contains  one  (figs. 
36,  c,  and  37),  or  more  (fi>g.  38,  kf,  k')y  much  smaller  bodies, 
called  nucleoli.  It  is  always  situated  in,  and  more  or  less  en- 
closed by  the  protoplasm,  as  we  have  already  seen,  and  never  lies 
loose  in  the  cell  cavity.  It  is  the  most  vitally  active  part  of  the 
living  substance. 

4.  Thb  Sap  is  the  watery  fluid  which  is  found  in  the  interior 
of  the  cell ;  it  contains  dissolved  or  suspended  in  it  all  those  food 
materials  which  are  necessary  for  the  life  and  growth  of  the  cell. 
In  the  early  stages  of  the  cell's  life,  before  any  vacuoles  have  ap- 
peared, sap  as  a  substance  distinct  from  the  protoplasm  does  not 
occur,  as  sdready  seen,  but  only  after  the  protoplasm  has  been 
found  insufficient  to  fill  the  oeU  cavity  does  it  make  its  appear- 
ance in  these  vacuoles.  Besides  containing  substances  which 
are  necessary  to  the  life  of  the  cell^  it  contains  also  many 
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things  which  have  been  thrown  out  from  the  protoplasm  as  no 
longer  serviceable.  Of  this  nature  are  the  crystals  of  carbonate 
and  oxalate  of  lime  ;  hence  the  sap  may  be  regarded  from  one 
point  of  view  as  the  food  upon  which  the  protoplasm  lives,  and 
from  another  point  of  view  as  the  reservoir  into  which  it  pours 
out  certain  of  its  waste  products. 

Besides  sap,  cells  frequently  contain  other  matters,  the 
chief  of  which  are  chlorophyll,  starch,  raphides,  and  aUurone 
grahis. 

Chlorophyll  and  Ohlobophyll  Granulbs.  a.  ChlorophyU, 
— This  is  the  colouring  material  which  gives  to  leaves  their 
well-known  green  appearance.  Its  chemical  composition,  owing 
to  the  great  difficulty  there  is  of  obtaining  it  pure,  is  not 
known  ;  but  there  seems  much  reason  to  believe  that  it  is  closely 
allied  to  wax.  It  is  not  soluble  in  water,  but  is  readily  so  in 
alcohol,  ether,  or  benzole.  By  soaking  leaves  in  any  of  these 
substances  a  beautiful  green  solution  is  obtained  when  viewed 
by  transmitted  light,  but  which  is  red  when  observed  by  reflected 
light.  If  a  weak  alcoholic  solution  of  chlorophyll  is  shaken  up 
with  an  excess  of  benzole,  the  mixture  separates  into  two  dis- 
tinct layers,  the  upper  one  of  benzole  which  is  coloured  bright 
green,  and  the  lower  one  of  alcohol  which  is  coloured  bright  yel- 
low ;  by  which  it  would  seem  that  chlorophyll  is  not  a  simple  sub- 
stance, but  is  a  mixture  made  up  of  two  or  more  colouring  prin- 
ciples. It  is  possible  however  that  the  yellow  colouring  matter  is 
due  to  chemical  changes  set  up  by  the  action  of  the  solvent.  The 
changes  of  colour  of  the  leaves  in  autumn  are  due  to  changes  in 
the  chlorophyll  similarto  those  above  mentioned.  In  many  fruits, 
such  as  the  Cherry,  Tomato,  or  Arum,  the  chlorophyll  of  the  peri- 
carp becomes  first  yellow  and  then  red,  as  the  fruit  approaches 
maturity .  In  many  plants,  such  as  the  brown  Seaweeds,  e.  g.  F'ticus, 
the  green  chlorophyll  is  obscured  by  an  olive-green  pigment, 
melcmophyU ;  or  again  in  the  red  Seaweeds,  such  as  CeranuMn,  by 
a  red  pigment,  phycoerythrin.  In  these  cases  the  pigments  are 
more  readily  soluble  in  alcohol  than  the  chlorophyll,  so  that  by 
steeping  portions  of  the  plants  for  a  short  time  in  spirit,  the 
colouring  matters  which  veiled  the  chlorophyll  are  dissolved  out, 
and  the  presence  of  chlorophyll  made  manifest.  Again,  in  some 
of  the  lower  plants,  such  as  Oscillatoria  and  Nostoe,  there  exists 
a  blue  pigment,  phycocyan ;  this  may  be  obtained  by  soaking  well 
bruised  specimens  in  cold  water,  to  which  it  imparts  a  beautiful 
blue  coloiu:  when  viewed  by  transmitted  light,  and  a  beautiful 
red  when  seen  by  reflected  light. 

b.  Chlorophyll  Granules. — It  is  not  to  be  supposed  that  the 
chlorophyll  exists  indiscriminately  in  every  part  of  the  cell,  for,  on 
the  contrary,  it  is  confined  to  special  portions  of  the  protoplasm 
which  have  been  diflerentiated  from  the  general  mass.  These  por- 
tions of  protoplasm  are  the  so-called  chlorophyU  grantdes  or  chlo- 
rophyll grairUf  or,  as  they  are  also  termed,  chlorophyU  bodies 
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and  ehiarophyU  corpumsUs.  These  granules  appear  as  soft,  doagby, 
more  or  less  rounded  n^asses,  which  are  always  envelc^ped 
by  the  surrounding  protoplasm  and  never  lie  loose  in  the  cell 
caTi^.  If  a  plant  is  grown  in  the  dark  or  etiolated,  these  granules 
remain  pale  coloured ;  but  if  it  is  exposed  to  sunliffht,  they 
speedily  become  coloured  green  by  the  chlorophyll,  and  when  so 
coloured  they  have  the  power  of  breaking  up  the  carbon  dioxide 
of  the  air  or  the  water  in  which  they  are  growing,  and,  returning 
the  oxygen  to  the  air,  retain  the  carbon,  which  they  are  able  to 
mix  with  the  elements  of  water  in  such  proportions  as  to  build 
up  a  molecule  of  starch,  CgHj^O^.  This  process  of  buildinff  up 
starch  out  of  the  carbon  dioxide  of  the  air  or  water  is  termed  the 
process  of  asmmUaium,  as  mentioned  on  page  3,  and  is  not  to  be 
confounded  with  the  process  of  respiration,  in  which  the  very  op- 
posite takes  place,  as  will  be  described  hereafter  in  treating  of 
the  Physiology  of  Plants. 

It  has  been  said  that  chlorophyll  is  confined  to  the  proto- 
plasm forming  the  chlorophyU  granules  ;  this  is  true  in  all  the 
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Fig.  4S-  Odl  of  the  Potato  containing  starch  grannies.-^ /V^.  43.  West- 
India  Arrowroot  (  x  260). Fig.  44.  Sago  meal  ( x  360). 

higher  plants,  but  there  are  some  plants  amongst  the  lower  orders 
in  which  the  coloured  portions  form  plates  or  spiral  bands,  as  in 
Spirogyra  ;  or  the  whole  protoplasm  may  be  capable  of  being 
coloured,  as  in  OUxocapsa  and  OscilUUoria. 

Stabch. — ^There  is  no  substance  contained  in  the  cells  which 
has  given  rise  to  more  discussion  as  to  its  origin  and  nature 
than  starch.  It  is,  with  the  exception  of  protoplasm,  the  most 
abundant  and  universally  distributed  of  all  the  cell-contents, 
occurring  as  it  does,  more  or  less,  in  all  parenchymatous  cells 
(fig.  42),  except  those  of  the  epidermis.  It  is,  however,  most 
abundant  in  the  matured  structures  of  plants,  as  the  pith  of 
stems,  seeds,  roots,  and  other  internal  and  subterranean  organs 
which  are  removed  from  the  influence  of  light.  In  these  re- 
q^wcta  it  presents  a  marked  contrast  to  chlorophyll,  which,  as  we 
have  seen,  occurs  only  in  young  and  vitally  active  structures 
placed  near  the  surface  of  plants^  and  directly  exposed  to  light. 
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Starch  is  not  only  widely  distributed  throiigb  the  different 
parts  of  a  pliuit,  but  it  also  occun  in  Tuying  quantity  in  all 
classes  of  plants  with  the  exception  of  the  Fungi.  West  Indian 
Arrow-root  (jtg.  43),  Sago  {Jig.  44),  Toua-les-moiB  (^13.  46),  and 
Potato  starch  (Jig,  46)  may  be  mentioned  as  familiar  examples  of 
Htarchea  deriTod  from  different  plants.  In  all  cases  starch  ia  a 
transitory  product  stored  up  tor  future  use,  reaembling  in  this 
respect  the  fat  of  animals.     When  thus  required  for  the  nntri- 
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tion  of  the  plant,  it  is  converted  previonsly,  as  will  be  afterwards 
seen,  into  dextriii  and  sugar,  wluch  are  aoluble  substances,  and 
can  therefore  bo  at  once  applied  to  the  purposes  of  nutrition, 
which  is  not  the  case  with  starch  in  its  unaltered  condition,  as 
it  is  tlien  innoluble. 

ftlien  fully  formed  starch  ia  found  fioftting  in  the  cell-sap 
{Jig.    42)  in  the    form   of  colourless    transparent   granules   or 


grains,  varying  in  size  ;  which  are  either  distinct  from  one 
another  as  ia  uiniaily  the  case  (Jig».  43  and  44),  or  more  or  less 
combined  so  as  to  form  compound  granules  (fig.  47). 


DEVELOPMENT  OF  STARCH.  St 

la  fonn  the  separate  granules  are  always  spherical  or  nearly  so 
in  ^eir  earliest  condition.  In  some  oases  this  form  is  nearly  main- 
tained in  their  mature  state,  as  in  Wheat  starch  (Jig.  48),  but 
the  granules  frequently  assmne  other  forms,  as  ovate,  elliptical, 
more  or  less  irregular,  club-shaped  or  angular  {figs.  43-46  and 
48-49).  Such  forms  arise  from  the  unequal  development  of  the 
sides  of  the  granules,  or  from  mutual  pressure,  the  same  causes, 
indeed,  which  give  rise  in  a  great  measure  to  the  varying  forms 
of  the  cells  in  which  they  are  contained.  Starch  granules  vary 
also  extremely  in  size  in  different  plants,  and  oven  in  the  same 
cell  of  any  particular  plant.  The  largest  granules  known  ap- 
pear to  be  those  of  Canna  starch,  or,  as  it  is  commonly  termed, 
'  Tona-les-mois,'  where  they  are  sometimes  as  much  as  the  ^  of 
an  inch  in  length  (Jig,  45) ;  while  the  smallest  flrranules,  among 
which  may  be  mentioned  those  of  Rice  starch  (Jig.  49),  are  fre- 
quently under  35—  of  an  inch  in  length. 

Development  of  Starch. — Starch  &«t  makes  its  appearance  as 
minute  colourless  granules  in  the  interior  of  the  green  chlo- 
rophyll grains  when  acted  upon  by  the  light  of  the  sun,  as 
previomuy  noticed  at  pase  27.  These  primary  starch  granules 
rarely  grow  to  any  consiobrable  size,  but  are  dissolved,  chemi- 
cally altered,  and  poured  out  into  the  sap,  of  which  they  then  form 
a  part.  A  part  of  this  primaiy  starch  may  be  used  by  the  proto- 
plasm of  the  cell  in  which  it  is  formea  for  the  manufacture 
of  its  cell-waU,  but  by  far  the  greater  part  is  handed  down  from 
one  cell  to  another  till  it  arrives  at  particular  parts  of  the  plant, 
when  it  becomes  reorganised  and  stored  up  for  future  use.  In 
this  latter  state  starch  assumes  its  more  characteristic  appear- 
ance. In  a  woU-doveloped  Tous-les-mois  or  Potato  granule 
(Jigs.  45  and  46)  we  may  observe  a  round  dark  spot,  which  is 
termed  the  nucleus  or  hiluniy  situated  near  one  end  of  the  granule, 
and  surrounded  by  a  number  of  faint  lines  which  alternate  with 
other  darker  ones,  so  that  the  whole  presents  the  appearance 
of  a  series  of  more  or  less  irregular  concentric  shells  placed 
around  a  common  point.  At  first  sight  it  is  abuost  impossible  to 
help  believing  that  the  granule  must  have  been  built  up  in  the 
same  manner  as  a  crystal,  namely,  by  the  deposition  of  fresh 
matter  over  the  older,  or,  in  other  words,  that  the  outer  rings  of 
the  starch  granule  have  been  deposited  over  those  which  are 
more  intermd,  and  that  therefore  they  are  the  youngest  portion 
of  the  granule.  The  observations  of  Kageli  have,  however, 
proved  this  not  to  be  the  case.  This  observer  has  shown  that 
the  appearance  of  stratification  in  the  starch  granule  is  really 
due  to  the  difference  in  the  quantity  of  water  which  exists  in  the 
different  parts  of  the  granule,  and  he  has  proved  that  the  outer- 
most layer,  instead  of  containing  the  greatest  amount  of  water, 
as  it  ought  to  do  if  it  was  the  youngest  part  of  the  granule,  con- 
tains the  least,  while  the  nucleus  on  the  other  hand  is  the  most 
watery  of  all.    Niigeli  concluded  from  these  observatioiui  that 
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Fig.  60. 


the  growth  of  the  starch  granule  was  precisely  the  same  an  that 
which  occurs  in  the  cell- wall  (see  page  39) ;  namely,  that  it  grows 
by  intussusception  of  fresh  particles  of  the  starch-compound 
between  those  of  an  older  date ;  and  hence  that  the  regular  alterna- 
tion of  dense  layers  with  more  watery  ones  round  a  centre  or  hilum 
produces  the  peculiar  appearances  of  starch  granules.  Seeing 
then  that  the  growth  of  the  starch  granule  is  by  intussusceptioR, 
it  will  be  readily  understood  why  it  is  that  this  growth  cannot 
be  carried  on  except  so  long  as  the  granule  is  imbedded  in  the 

substance  of  the  living  protoplasm,  and  that  as 
soon  as  the  protoplasm  of  the  cells  in  which  the 
starch  is  being  formed  is  used  up  or  killed,  all 
further  development  of  starch  becomes  impossible. 
In  some  cases,  as  for  instance  in  the  Euphor^ 
biaceas,  starch  granules  are  found  in  the  elaborated 
sap  of  the  laticiferous  vessels  {fig,  50),  and  this 
would  seem  to  be  in  contradiction  to  the  above- 
mentioned  law  that  starch  granules  can  only  be 
formed  while  enveloped  in  protoplasm,  but  the 
mode  of  formation  of  these  granules  has  not  been 
observed. 

The  line  drawn  through  the  hilum  and  the 
longest  diameter  of  the  granule  is  termed  its  axia 
of  growth.  Sometimes  a  starch  granule  contains 
more  than  one  hilum,  and  growth  taking  plaoe 
round  each,  the  common  envelope  at  length 
gives  way,  and  so  compound  starch  granules  are 
formed,  such  as  have  been  described  on  page  28. 

Composition  and  Chemical  Characteristics  of  StarcJh,  C^H^qO^,  — 
The  starch  granule  consists  of  the  true  starch-compmtnd  and  water. 
The  starch-compound  is  again  formed  of  two  substances,  which 
are  intimately  blended  together,  viz.  granulose  and  ceUidose.  The 
granulose  makes  up  by  far  the  greater  part  of  the  starch- 
compound,  being  in  the  proportion  of  95  to  5  of  cellulose.  It  is 
capable  of  being  dissolved  out  of  the  cellulose  by  saliva  and 
dilute  acids,  and  it  is  to  this  substance  that  the  starch  granule 
owes  its  violet-blue  colour  when  treated  with  a  solution  of  iodine. 
The  cellulose  on  the  other  hand,  being  not  soluble,  is  left  behind 
as  a  skeleton,  and  is  not  coloured  blue  by  the  iodine  solution. 

Starch  is,  therefore,  composed  chemically  of  carbon  and  the 
elements  of  water.  Starch,  however,  never  occurs  naturally  in  a 
perfectly  pure  condition,  but  it  always  contains  a  very  small 
quantity  of  mineral  constituents,  and  also  a  certain  proportion 
of  the  peculiar  secretions  of  the  plant  from  whence  it  is  derived. 
These  impurities  can  never,  under  ordinary  circumstances,  be 
entirely  removed,  and  from  their  varying  amount  in  commer- 
cial starches  arises  in  a  great  degree  the  difference  in  their  value 
for  food  and  other  purposes.  Starch  is  insoluble  in  cold  water, 
alcohol,  ether,  and  oils.     By  the  action  of  boiling  water  it  swells 


Ffif.  50.  Latlci- 
feroua  vessels 
from  a  spedeti 
of  Euphorbia  ; 
the  latex  con- 
tains starch 
Krannles  of  a 
peculiar  form. 
From  Henfrey. 


BAPHIDBS*  dl 

Up  and  forma  a  geladnona  mass.  Iodine  when  applied  to  it 
givea  a  bine  oolonr  or  some  shade  of  violet,  the  distinguishing 
diancier  of  ataieh.  The  blue  colour  is  at  once  destroyed  by 
the  application  of  heat  and  alkalies.  If  starch  be  exposed  to 
heat  for  a  prolonged  period,  it  is  converted  into  a  soluble  gummy 
subatanoe,  called  dexdin  or  British  ffv/m.  A  similar  change  is  pro- 
duced in  atarch  by  the  action  of  diluted  sulphuric  acid,  and  also 
by  diastase,  a  peculiar  nitrogenous  substance  occurring  in  germi- 
nating seeds.  Starch  was  formerly  considered  as  peculiar  to 
planta,  and  its  presence  therefore  was  regarded  as  an  absolute 
distinctive  mark  between  them  and  animals.  Of  late  years,  how- 
ever, as  already  noticed  (page  4),  a  substance  presenting  the 
chemical  reactions  and  genend  appearance  of  starch  has  been 
fomid  in  some  animal  tissues,  ouch  a  distinctive  character, 
ihearefoie,  can  be  no  longer  absolutely  depended  upon. 

Bathides. — This  name  is  now  commonly  applied  to  all  inor- 
ganic crystals  of  whatever  form  which  are  found  in  the  cells  of 
plants,  uthough  the  term  raphides  (which  is  the  Greek  for  needles) 
was  originally  given  to  those  only  that  were  shaped  like  a  needle 
(Ji^  53  and  54).  Baphides  may  be  found  more  or  less  in  all  classes 
of  plants,  and  in  all  their  organs  ;  generally,  however,  they  are 
most  abundant  in  the  stems  of  herbaceous  plants,  in  the  bark  of 
woody  plants,  and  in  leaves  and  roots.  In  some  plants  they  occur 
in  su^  enormous  quantities  that  they  exceed  in  weight  the  dried 
tisaue  in  which  they  are  deposited  :  this  may  be  specially  observed 
in  some  CSactaceie ;  thus  Edwin  Quekett  found  in  the  dried  tissue 
of  the  stem  of  the  Old-man  Cactus  (Cereus  aenilis)  as  much  as  80 
per  cent,  of  crystals.  Professor  Bailey  also  found  in  a  square  inch 
of  Locust  bark  of  the  thickness  of  ordinary  writing  paper,  more 
than  a  million  and  a  half  of  these  cr3r8tals.  The  root  of  that 
kind  of  Bhubarb  which  was  formerly  known  as  Turkey  or 
Boasian  Bhubarb,  commonly  contains  from  36  to  40  per  cent., 
and  hence  when  chewed  it  appears  very  gritty ;  and  as  this  variety 
of  Bhubarb  usually  contains  a  larger  proportion  of  raphides  than 
other  kinds,  this  grittiness  has  been  employed  as  a  means  of 
distinguishing  it  from  them.  The  raphides  are  commonly  con- 
tained in  cells,  in  which  starch,  chlorophyll,  and  other  granular 
structures  are  absent,  although  this  is  by  no  means  necessarily 
the  case.  These  crystals  are  more  commonly  found  in  the 
cavities  of  the  cells,  but  they  also  occur  in  their  walls  ;  in  all 
casea,  however,  they  are  mineral  salts  which  have  crystallised 
natorally  out  of  the  cell-sap.  They  may  be  especially  found  in 
the  walls  of  cells  in  the  ComfersB  and  Gnetacete. 

The  raphides  occur  either  singly  in  the  cells,  as  in  those  of  the 
inner  bark  of  the  Locust  tree  {fig,  51)  ;  or  far  more  commonly 
there  are  a  number  of  crystals  in  the  same  cell.  In  the  latter  case 
they  are  usually  either  placed  side  by  side,  as  in  the  stem  of  Rumex 
(Jig.  53)  ;  or  in  groups  radiating  from  a  common  point,  and  then 

raining  a  clustered  or  conglomerate  appearance,  as  in  the  steoi 
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of  the  common  Beet  (Jig.  52).     The  former  are  uiuklly  termod 
acieiUar  raphida,  and  the  Utter  eiynglomfrate  raphideg. 

In  some  intereiting  rosearclies  into  the  nature  of  raphidet 
made  Home  jeaia  since  by  Gulliver,  he  has  distingoiabed  the 
acicular  crystab  (Jig.  53),  which  he  haa  called  Irue  raphida, 
from  those  which  occur  either  singly  (Jig,  61),  or  in  more 
or  leu  globular  or  conglomerate  masses  (fg.  62),  which  he  has 
termed  SjAserapkidet.  He  believes  that  the  presence  or  ab- 
sence of  the  former  or  trite  raphide*,  and  their  comparative 
abundance,  afford  characters  by  which  the  species  of  certain 
orders  ma^  be  distinguished  at  once  from  the  allied  speciea  of 
neiglibounng  orders.  He  has  instanced  the  pUnti  of  the  Ona- 
gracew,  especially,  as  being  in  this  way  readily  distinguished 
from  the  plants  of  allied  orders.  Gulliver  spealu  very  strongly 
upon  this  point  as  follows  :  'Ko  other  single  diagnosis  for  the 
orders  in  question  is  so  simple,  fundamental,  and  universal  as 


I  should  be  named 


this ;   and  the  orders  to  which  it  apptiei 
ratihi»-hmring  or  raphidiferoMS. 

With  regard  to  Splueraphides,  Gulliver  believes  that  thei'e 
are  few  if  any,  orders  among  Phanerogamous  plants  in  which 
they  do 'not  eiiat  ;  hence  it  is  questionable  how  far  their  distri- 
bution might  be  rendered  available  as  a  means  of  distinguishing 
plants  from  one  another.  Their  presence,  however,  he  finds 
universal  in  every  species  of  the  orders  Caryophyllaoese,  Oerani- 
acem,  Par«nychiaceie,  Lythraceie,  Saxifragaceie,  and  Tlrticaceee  ; 
hence  he  regards  the  pre.'ience  of  Sphajraphidea  as  especially 
chancteristic  of  these  orders. 

In  the  oommon  Arum,  where  raphides  are  veryabundont,  and 
in  some  otiier  Aiacese,  the  cells  which  contain  the  raphidee  a» 
Ailed  with  a  tliidcened  sap,  so  that  when  they  are  moistened 
witii  water  endosmose  take  place,  by  which  they  ate  dist«ndod 
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and  CMued  ultimately  to  bunt  tod  diachftrge  their  cryBtAli  from 
ui  orifice  at  each  end  {fig.  M).  8uchceIlB  were  called  Bi/oriiiet 
bf  Tnrpin,  who  eironeowlr  regarded  them  aa  oinaiu  of  a  apecial 

In  many  planti  belonging  to  the  familisH  of  the  Urtiotcew, 
MoraodK,  and  Aeantbacen,  there  ma)'  be  frequently  observed 
joat  beneath  the  surhcea  ot  the  toavei,  or  Bometinies  mure 
dea^yaitoated,  peculiar  dyitalline  structures,  to  which  the  name 
of  Cttteimu  haa  been  applied  by  Weddelt.  Theae  coiuitt  of  an 
enlarged  cell  which  haa  been  termed  a  lithocy»t,  containing  com- 
monly a  g^bnlar  (fig.  S6).or  aomewhat  club-shaped  {Jig.  50) 
inaaa  of  cryBtaU,  auspended  from  the  top  by  a  kind  of  stalk 
formed  at  oelluloae,  upon  which  the  cryttala  are  deposited  •• 
upoD  a  naclena.  All  crystals  found  in  these  structure!  are 
composed  of  calcium  carbonate. 

Cryatala  of  various  composition  have  been  deacribed  as 
ocearriug  in  different  plants,  but  mure  accurate  ofaserrstiona 
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show  that  all  the  crystal!  hitherto  found  are  compoKd  of 
calcium  carbonate,  as  in  the  cyatolithe,  and  in  eome  of  the 
lower  Fungi;  or  of  calcium  oxalate.  The  latter  salt  cryttaltiseii 
in  twoforms  according  totheproportion  of  water  it  contains.  Thus 
in  the  one  owe  when  the  crystals  contain  sis  equivaJenta  of  water 
of  crystallisation,  they  form  octahedm  (fig.  62),  as  in  the  con- 
glomerate raphides  or  spheeraphidea  ;  and,  on  the  other  hand, 
when  there  are  onlf  two  equivalents  of  water  of  crystallisation, 
then  bmidlea  of  acicnlar  crystals  or  true  raphides  are  produced 
(figt.  53  and  54). 

Alkukoite  Gbaiitb,  CRYwruAMWe,  and  Globoidh, — Besides 
the  oryatala  just  described,  it  frequently  happens  that  some  of 
the  jvotoplannio  nutter  in  the  cells,  more  generally  in  thos*  of 
the  aJbumen  and  cotyledons  of  ripe  seeds— that  is,  in  those  cells 
in  wbiehreaerve  food  material  is  stored  up— aainmes  a  crystalline 
foim  and  beoomea  onbical,  octahedral,  tetrahedral,  rhomboid,  Ac 
{fif.  t/l).   These  are  not  howeTer  true  cijatali,  aa  is  seen  bjr  theit 
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angles  not  being  very  cloarlj  defined  by  the  action  of  rarions 
reagents,  such  as  dilute  caustic  potash,  which  causes  them  to 
swell  np  and  increase  very  much  in  volume.  Tfaeae  cijitallijie 
ma^aea  are  known  as  cryitaUoids  or  proUine  crydaU.  They  are 
readily  seen  when  a  tisngverse  section  of  the  albumen  of  the 
castor  seed  is  placed  in  dilute  glycerine  and  water  {fig.  57). 

In  the  cells  again  of  the  albumen  and  cotyledons  of  ripe 
seedA  we  have,  in  addition  to  starch  and  oily  matter,  small 
roundish  and  colourless  albuminous  grains,  which  are  termed 
proUid  uraieurone  graini  (Jig.  &S,  a,  a).  They  are  especially  abun- 
dant in  oily  seeds,  as  in  thiMe  of  the  Caator-oil  plant,  where  they 
appear  to  replace  starch  ;  but  in  those  seeds  where  starch  is 
abundant,  these  grains  may  be  seen  between  the  starch-grainn, 
SB  in  the  Pea  {fig.  58,  a,  a).  Bean,  Sweet  Chesfhut,  and GrasM*. 


In  these  grains  the  crystalloids  just  described  are  frequently 
found  imbedded, and  alsopecuhArRtnall  round  bodies,  which  are 
composed  of  double  phosphate  of  calcium  and  magnesium,  termed 
globoids  {^lig.  57). 

The  aleuroue  grains  and  crystalloids  we  evidently  reserviHrs 
of  protein,  to  be  used  when  growth  becomes  active  in  the  process 
of  germination,  in  the  same  way  as  starch  and  oily  matters  are 
reservoirs  of  hydrocarbons  for  UEe  in  a  like  manner. 

Aleurone  grains  are  insoluble  in  alcohol,  ether,  bensole,  or 
chloroform,  but  soluble  in  water.  They  are  coloured  brown  by 
iodine,  and  other  re-agents  show  that  they  are  of  an  albuminoid 
nature.  The  experiments  of  Weyl  and  Sidney  Vines  indicate 
that  the  proteids  exist  in  these  grains  as  globulins,  which  hitherto 
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hmve  been  kuown  only  to  occur  in  Miimals.  that  is,  m  mi/otin- 
glohaliH  and mtellia-gliiulin.  Vines  hasalscfound inthe aleurone 
graina  of  the  Pteonj  a  targe  quantity  of  hemialbwnote,  a  sub- 
stance allied  to  the  peptones. 

II.  FoBHS  Ain>  S1EB8  OF  Cbllb  ;  and  Gbhbral  Propertibs 
t^o  Stbmctvkk  or  tub  Celi.-wall. — Having  now  described  the 
general  characters  and  content*  of  cells,  we  pass  on  to  a  more 
detailed  accoant  of  the  various  forms  and  lizes  which  they  are 
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found  to  aianme  in  different  plants,  and  in  the  diffurent  parts  of 
the  same  pluit  ;  and  also  to  a  full  description  of  the  general 
properties  and  structure  of  the  cell-wall  or  cell -membrane. 

1.  Fornu  of  OtUt. — First,  then,  as  we  have  already  partially 
seen  on  page  23,  when  growth  is  uniform,  or  nearly  so,  on  aU 
points  and  sides  of  the  call-wall,  we  have  a  tpherieal  or  slightly 
eJliptu:  cell  (jij/.  69) ;  when  it  is  greater  at  the  two  extremities 
than  at  thesides,  theformistn)ly«liij)(ie(^.  60).  In  the  above 
casea,  also,  the  cells  are  almost  free  from  pressure.     Under  other 
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in  consequence  of  the  mutual  pressure  of  surround- 
ing cells,  they  assume  a  polygonal  form  (figs.  Ul  and  62),  the 
number  of  the  angles  dependiigupon  the  number  and  arrange- 
ment of  the  contiguoDs  cells.  Thus,  in  a  perfectly  regular  ar- 
rangement, when  the  contiguous  cells  are  of  equal  size,  we  have 
dodtatKedrid  cells,  presenting,  when  cut  transversely,  a  hexagonal 
appearance  {fig.  63).  It  is  rarely,  however,  that  we  find  cells  of 
this  ngnlar  mathematical  form,  since,  in  consequeucQ  o{  Vax> 
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unequal  size  of  the  contiguoUB  oeUs,  the  polyKoiu  which  result 
from  their  mutual  preaaure  luuit  be  more  or  leea  irregular,  and 
exhibit  Bi  v&riahle  number  of  sidea  (generally  from  three  to  ei(^t). 

Secondly,  when  the  growth  ia  nearly  unifwrn  on  all  ndes  of 
the  cell-caU,  but  not  equally  bo  at,  all  pointg  of  its  Burfaoe,  we 
have  cells  which  maintain  a  ronnded  form  in  the  centre,  but 
baviog  rayg  projecting  from  them  in  varioua  directions,  hy  which 
they  aoquire  a  more  or  lees  star-like  appearance  (Jig.  64  and 
90)  ;  and  hence  Buch  cells  are  called  attUate.  These  rays  may  be 
situated  in  one  plane,  or  project  from  oU  sidee  of  the  cell.  It  is 
rarely  the  case  that  such  cells  have  the  rays  at  regular  intervals, 
or  all  of  one  length,  but  various  degrees  of  irr^(u)aritf  occur, 
which  lead  to  corresponding  irregular  forms  in  such  cells. 

Thirdly,  when  the  growth  takes  place  chiefly  In  one  direction 
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we  have  cells  which  ore  elongated,  either  horianttolly  or  verti- 
cally. Among  the  forms  resulting  from  an  extension  of  the  cell 
in  a  horizontafdirection,  we  need  only  mention  tabular  celb  (figt. 
G5  and  91),  that  is,  six-sided  flattened  cells,  with  the  upper  and 
lower  Burfaces  parallel,  or  nearly  so.  Of  those  cells  w&ich  ara 
extended  in  length  or  verticoUy,  we  have  such  forms  as  the 
cylindrical  {fig.  66)  and  funform,  {fig.  67),  and  which  by  the 
mutual  presBure  of  contiguous  cells,  often  becoming  prumotic. 

From  the  above  description  of  the  forms  of  cells  tt  will  be  seen 
that  they  may  be  divided  into  the  thurt  and  elongated,  although, 
as  various  intermediate  forma  occur,  this  division  cannot  be 
stricUy  odherod  to. 
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The  sella,  when  in  oombinfttion  with  other  oella  to  m  to  fonii 
a  tiaaiM,  are  nDermlly  bounded  by  plane  (Jigi.  62,  63,  66,  and  66), 
•K'  more  or  leaa  rounded  sorfaoes  {figi.  50  and  69)  ;  but  when 
in  ootnbiastion  also  with  the  vewels  of  the  plant,  ao  as  to  form 
what  »x*  called  the  ttueular  biaidUt,  thef  are  elon^ted,  and  have 
pointed  ertremitiea  (fig.  67)-  These  differenoee  in  the  condition 
of  the  oetla  lead  to  oorreeponding  differences  in  their  arrangement ; 
thiw,  in  the  former  case,  tha  ceUa,  when  arranged  in  lines,  are 
plaoed  one  npon  another,  the  ends  being  uanally  flattened  (figi. 
66  and  66)  ;  while  in  the  latter  their  tapering  estremitiee  over- 
lap each  other,  and  became  interposed  between  the  aide«  of  the 
CcJk  which  are  placed  above  and  below  them  {Jig.  67).  From 
)  oalli  have  been  divided  into  partiithymatoiu 
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and  protenekjiwtalmu ;  parenchjmatous  being  the  term  applied 
to  ttuMe  cells  which  are  plaoed  end  to  end  ;  and  proienchjma- 
tona  to  those  which  are  attenuated,  and  overlap  one  another 
whan  comkuned  together  to  form  a  tissue.  Another  diatinotion 
commonlj  observed  between  parenchymatous  and  proeenohyma- 
toDS  oella  arises  from  the  condition  of  their  oelt-wallB  ;  thiis, 
those  of  parenchyniatous  cells  are  usuallj  thin  {Jig.  66),  while 
thoae  of  prDsenchjmatoaa  cella  are  more  or  leaa  thickened  {figi. 
93  and  M).  The  above  distinctions  between  parenohymatous 
and  proaeacfajmatona  cells  are  evident  enough  in  the  extreme 
ftwui  of  the  two  diviaioni,  but  various  transitional  states  occur 
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When  cells  ttre  so  placed  is  to  be  uncombined  with  other 
cellH,  or  with  the  vesseli  of  the  plant,  or  but  putUlly  bo,  they 
ife  more  or  leu  nTtreHtraiiied  in  their  development ;  but  even  in 
Buch  circuaistaDceB,  as  in  their  combined  state,  their  typical  form 
is  to  be  more  or  less  rounded.  Thie  form  is,  however,  rarely 
maintained  as  they  grow  older,  although  instances  of  Bach  occur 
in  many  of  the  lower  Algie,  aa  Protococctis  {f^.  1)  ;  in  pollen 
cells  (^.  70) ;  and  in  Bporea  ;  hut  more  frequently,  in  such 
cases,  the  cells  assume  a  more  or  leas  elongated  form  and 
become  oblong  {jig.  74),  or  cylindrical  {fig.  71).  In  other 
inatanccB,  again,  we  find  that  certain  pointa  of  the  cell-wall 
acquire  a  special  development  (see  page  22),  and  become  elevated 
from  its  general  aurface  as  little  papillfe  (fig,  70),  warty  projec- 
tions {fi^.  71),  or  ciha  {fi^i.  72,  73,  and  J4)  ;  or  are  prolonged 
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into  tubular  processes,  or  branched  in  various  ways.  The  hairs 
which  are  produced  on  the  surface  of  plants  afford  good  illnstr^- 
tions  of  cells  which  are  more  or  less  unreatrained  in  their  deve- 
lopment (^g>.  133-139);  other  instances  occur  in  the  germination 
of  moat  spores,  and  strikingly  so  in  those  of  many  Algie,  •■ 
Botrydimn  {fig.  76);  also  when  the  pollen  cells  fall  upon  the 
stigma ;  and  in  numerous  other  cases. 

2.  Sitf.  of  CtUs.— The  cells  vary  much  in  aize  in  diflerent 
plants,  and  in  different  parts  of  the  same  plant  The  parendiy- 
matons  cells,  on  an  average,  vary  from  about  ^  to  t^  of  an 
inch  in  diameter  ;  others  again  are  not  more  thau  j^ ;  while 
in  some  caaes  they  are  so  large  as  to  he  visible  to  the  nued  a 
being  a»  much  as  jg  or  even  ^^  of  an  inch  in  diameter. 


The 
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Iftigeatoccnriathepithof  pUnla,mBuoculeiitpBTti,aiid  inw«ter 

Tha  dimenaion*  of  proMnchynutoiu  celli  generally  afford  a 
striking  ooDtnat  to  thoM  of  the  parenchymatonH,  for  while  we 
find  ^at  tbeir  tmuverse  diameter  is  comtuonly  lUDch  Itsu, 
aTeraging  about  j^^  of  an  inch,  and  frequently  not  more  than 
^;jg^  tb^  become  much  more  extended  longitudinally,  aoine 
harii^  been  ir.eaatu«d  aa  much  ae  J  of  an  inch  long,  and  accord- 
ing to  Schleiden,  tboM  of  the  inner  bark  are  often  four,  five, 
or  more  inchea  in  length.  The  proeenchymatoua  cella  of  the 
wood  and  inner  bark  of  trees  gener^ly  vary,  however,  from 
about  the  ^'g  to  the  y'j  of  an  inch  in'  length. 

Thoae  mILs  aoain  which  have  an  unreatmiied  development 
are  freqaently  also  far  more  extended  in  length.  Thiu,  the 
oella  of  which  cotton  ii  formed  (fy.  153,  a)  are  aouetimes  aa 
niuch  aa  one  or  two  inchea  long  ;  while  in  lome  of  the  Cryptoga- 
mona  water  planta,  as  Chara,  the  cell*  are  ^ao  much  elongated. 

III.  Gnuui.'PEoFBK'nEe  un>  Stkucttkb  of  thb  CelitWall 
OE  Ckix-membrajik. — Ah  has  been  already  Htated  (page  22),  the 
cell-membrane  of  young  calls  ia  very  thin,  colourless,  trans- 
parent, smooth,  and  free  from  any  openings  or  visible  pores,  au 
that  each  cell  ia  a  perfectly  doaed  eac  The  membrane,  however, 
although  free  from  visible  pores,  ia  readily  permeable  by  fluids. 

As  the  eell-membTane  increases  in  age  it  becomes  thickened 
by  the  inoorporation  of  new  matter  inte  its  aubatance,  and  then- 
alteiations  occur  by  which  it  becomes  variously  marked  and 
aculptured.  Tltia  increase  in  thickneaanuty  be  apecially  obaened 
in  the  cell*  of  the  wood  and  inner  bark,  and  in  the  hard  cells  of 
the  atone  of  the  Peach,  Cherry,  and  other  similar  fruita.  Thia 
thickening,  however,  of  the  cell-membrane  is  by  no  meana  con- 
fined to  de  eella  of  the  wood,  or  the  other  cases  above  men- 
tioned, but  it  may  be  obeerred  more  or  lest  in  all  eella  where 
active  changes  are  going  on  ;  thus  ii  may  be  especially  seen  in. 
tboee  of  the  pith  of  Jioya  cnmosa  (^. 
76).  A  section  of  one  of  these  cells  givea 
an  appearuice  aa  if  the  walla  had  oeen 
fonned  by  concentric  layera  of  cellulose 
with  branching  capillary  tubes  or  canals 
stretching  from  the  cavity  of  the  cell  to 
ita  periphery.  The  inwolar  ringed  ap- 
pearance is  due  to  the  <Qfierence  in  the 
degree  of  hydration,  auch  as  was  seen 
in  the  cue  of  the  starch  granule  {see 
page  89)  ;  while  the  canals  are  true  pas-  ^g.  n,  TmuTnw  aKrUon  nf 
aagea,  which  have  been  caused  by  the  rftw'flSa'^  ""  f  '*'* 
paaaage  of  the  aap  during  the  life  of  the  Sobi.  '''^™™'*^  "™ 
edl  ^«veiiting  the  deposition  of  cellu- 

loM.      Ia  theae  calls  the  membrane  has  been  still  further  changed 
bjr  the  oonvenionof  the  cellnloae  into  lignin.     It  is  t«these  tvi 
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conditioiu  that  tUe  firmness  of  the  wood  of  plants  and  bardneas 
of  the  stones  of  many  fruits  are  dne,  and  hence  the  name  of 
SclerogenouB  (from  a  Greek  word  signifying  hardneas)  haa  been 
given  to  such  cells. 

Pitted  or  Dotted  C«:Ui.  — In  almost  all  cases  when  the  cell- 
laembrane  haa  thus  become  thickened  it  preaenti  (instead  of  the 
smooth  and  homogeneoua  appearance  aa  in  the  case,  as  we  have 
seen,  when  it  is  in  a  ;oung  condition)  a  greater  or  leas  number 
of  dots  or  Blita  of  various  kinds  (figi.  77  and  78,  e,  e).  These 
dots  and  alitn  were  formerly  considered  aa  actual  openings  in  the 
waUs  of  the  cells,  and  hence  Rlich  cells  were  called  porota  aUt ; 
hut,  when  carefully  examined,  it  may  be  readily  discovered  that 
these  raarkinga  are  caused  by  canals  which  run  from  the  cavity 
of  the  cell  to  its  wall,  and  are  closed  (always  at  leaat  in  their 
young  state)  by  the  originally  thin  memhrane  of  which  it  ia  Kt 
those  points  composed  {figt.  76  and  78,  a,  a),  and  thus  give  to  the 
parts  of  the  cell-wall  in  which  they  are  found,  when  viewed  by 
transmitted  light  under  the  microacupe,  a  more  tt«naparent  ap- 
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ttTDii  pltlsd  «p|imr8iic*.  From  Unger. 
pearance  than  that  possessed  by  the  thickened  memhrane  sur- 
rounding them.  Such  cells  are,  therefore,  improperly  called 
uorMu,  and  hence  are  now  correctly  termed  piUfd  or  dotttd  etlU. 
These  pores  or  canals  in  the  wall  of  one  cell  coirespond  eiactly 
with  those  in  the  wall  of  an  adjoiniuR  cell ;  and  thus  the  sap  is 
allowed  to  paaa  with  great  rapidity  and  freedom  notwithstanding 
the  general  thickening  which  the  walk  may  have  nndergtme 
Ijigi.  76  and  78).  It  frequently  happens  that  two  or  more  canals 
unite  together  at  varying  distances  from  the  wall  of  the  cell, 
and  thus  form  a  common  opening  into  its  cavity  (fig.  76). 

Although,  as  thus  shown,  the  dotted  apiiearance  is  not  caused 
by  holee  or  perforations  in  the  original  walls  of  the  cells,  yet  aa 
tbo  latter  advance  in  age,  and  lose  their  active  vitality,  th^  fre- 
quently become  perforated,  in  consequence  of  theirthin  primary 
membrane  becoming  more  or  less  absorbed,  or  breaking  away. 
Such  perforations  are  weU  seen  in  the  Sphagnum,  where  they 
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ue  rafficieiitly  Urge  to  &Uow  of  the  paMBg«  through  them  of 
minute  gnmoiar  matters . 

CtlU  urith  Bordered  FiU  or  Dix-bear'atg  Wood-^^U.—ln  tha 
ceil-valls  of  the  wood-cellB  of  certiun  treex  we  fiad,  in  Addition 
to  the  ordiuBiy  piti,  luge  circular  diBcs  irhicb  encircle  them  ao 
that  each  pit  iooki  aa  if  it  had  a  ring  aurrounding  it  {fig.  79)  ; 


patchea  of  the  cell-wall  remaining  thin  after  the  general  thicken- 
ing has  commenced  and  the  rim  growing  obliquely  inwarda, 
leaving  only  a  narrow  orifice  in  the  centre  (figi.  tiU,  a,  b,  and  c). 
Aatheaethickeniiigs  occur  alwajB  in  twos  on  each  tide  oftheceli- 
wall,  they  appear  aa  two  watcb-glassei  would  do  if  placed  rim 
to  rim,  and  separated  by  a  thin  sheet  of  paper.  To  eariy  out 
the  compariaon,  however,  completely,  the  watch-glauM  must 
be  anppoaed  to  be  perforated  in  their  centres  {fig.  60).     The 


central  lighter  spot  when  examined  by  transmitted  light  is 
cauised  by  the  light  having  to  pass  only  through  the  thin  mera- 
Ivane  {fig.  80,  w),  while  the  darker  colour  of  the  border  is 
caused  by  the  light  having  to  pass  through  the  thicker  aubatance 
of  the  rim.  Itfrequently  happens  that  the  membrane  (^.  80,  h) 
becomes  absorbed,  and  then  direct  communication  takes  place 
between  the  adjoining  cells. 

Cella  presenting  such  an  appearance  are  of  universal  occur- 
renca  in  the  wood  of  the  Coniferie  and  other  Gymnospermia, 
where  they  are  also  most  distinctly  obaerved.  But  somewhat 
similar  boniered  pits  may  also  be  not  unfrequently  ohierved  in 
the  vessels  of  Phanerogamous  plants. 

These  discs  occur  either  in  single  rows  {fig.  79),  or  in  double 
{figi.  81  and  82),  or  in  triple  rows  (fig.  83).  In  those  cases 
where  there  is  more  than  one  row  of  discs,  the  discs  in  each  row 
may  be  either  on  the  same  level,  as  is  more  commonly  the  case 
(Jig.  81),  or  at  diflerent  levels,  and  hence  alternate  to  each  other, 
M  ut  Um  AntwariM  and  allied  trees  {Jigi.  82  imd  83). 


4!  FIBROnS   CELLS. 

^i6roui  CtUi.  — It  frequently  happens  that  the  thickening  of 
the  cell-wall  (instead  of  taking  place  bo  as  to  give  the  appear- 
ance of  a  perforated  membrane,  and  which  girea  rise  to  the  pitted 
cells  jiut  described),  forms  delicate  threada  or  faaads  of  vary- 
ing thickness  called  fitnts,  which  asamne  a  more  or  less  spiral 
direction  upon  ita  inner  surface  O^'.  84-86),  and  thus  give  rise 


:b  doablfl  tnd  tidpli 


to  what  are  called^broui  celU.  Such  oelht  occur  in  variotu  plants 
and  part«  of  plants  ;  thus  in  the  leaves  of  SjAagnvTa,  the  baiiB 
of  many  Cacti  and  other  plants,  in  the  integuments  of  some 
seeds  aitd  fruits,  as  those  of  Salvia  (Jig.  148),  Cobsea  icandem, 
and  Cotiomia,  in  the  spore-cases  of  certain  Flowerless  plants, 
in  the  inner  Imingof  all  anthers,  in  the  root-sheath  of  the  aerial 
roots  of  many  Or^iids,  and  in  several  other  instances. 
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These  fibrous  cells  also  present  some  differences  of  appear' 
ance  as  regards  the  distribution  of  their  fibres.  Thus,  in  some 
cells  the  fibre  forms  an  uninterrupted  spiral  from  one  end  to  the 
other  IJigi.  84  and  148}  :  such  are  termed  ipiral  celli.  In  other 
CBMB  the  fibre  is  interrupted  at  various  points,  and  aasumee  the 
form  of  rings  upon  the  inner  surface  of  the  cell- wall  (^.  86),  and 
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hence  such  celLi  are  called  aiMvular  or  ringed.  Inatancee  alao 
occur  even  more  frequently,  in  which  the  fibres  are  ao  diatributed 
as  to  produce  a  branched  or  netted  appearance  (fig.  86)  ;  in  which 
case  the  cells  are  termed  ramified  or  reticfUaied,  These  an- 
nular and  reticulated  cells  are  merely  modifications  of  the  spiral, 
as  is  shown  by  the  circumstance  of  our  frequently  finding  in  the 
same  cell  intermediate  conditions  of  all  these  forms. 

The  fibres  in  most  cases  are  wound  from  left  to  right, 
although  instances  occur  where  they  have  a  contrary  direc- 
tion. The  turns  of  the  fibre,  or  the  rings,  may  be  nearly 
in  contact,  or  more  or  less  separated  by  intervaln  of  cell-mem- 
brane ;  this  latter  appearance  is  probably  due  to  the  growth 
of  the  membrane  after  the  deposition  of  the  fibre.  The  turns 
of  the  fibre,  or  of  the  rings,  again,  may  be  either  intimately 
attached  to  the  cell-membrane,  or  but  slightly  adherent,  or  alto- 
gether free.  As  a  general  rule,  the  less  the  cell-membrane  grows 
after  the  deposition  of  the  fibre,  the  more  firmly  is  it  attached 
to  it. 

In  some  cases,  as  in  the  Yew  {fig.  88),  Mezereon,  and  Lime, 
we  find  a  spiral  fibre  or  fibres  developed  in  addition  to  the  pits. 

These  different  kinds  of  fibrous  cells  are  connected  by  a 
number  of  intermediate  forms  {fig.  87)  with  the  pitted  cells 
already  treated  of,  but  all  are  formed  on  the  same  plan.  That 
is,  by  the  living  protoplasm  secreting  the  cellulose  out  of  its  own 
substance,  and  depositing  it  upon  its  external  siirface  in  differ- 
ent }Miris  in  varying  thicknesses. 


[Section  2.    Of  the  Kinds  of  Cells  and  theib  Connection 

WJTH   EACH   OTHEB. 

We  have  already  seen  (page  37),  that  if  the  cells  are  of  such 
forms  that  when  combined  together  they  merely  come  in  contact 
with  each  other  without  perceptibly  overlapping,  they  are  called 
parenchymatous ;  but  that  when  elongated  and  pointed  at  their 
ends,  so  that  in  combination  they  overlap  one  another,  they  are 
termed  prosenehymatoua.  We  have  also  seen  that  such  extreme 
forms  are  connected  by  all  sorts  of  transitional  ones.  Besides 
these  elongated  prosenchymatous  cells  other  lengthened  tubular 
organs  are  also  found  in  plants,  which  are  termed  vessels.  For- 
merly, ail  these  elongated  organs  were  supposed  to  have  an 
entii^y  distinct  origin  from  the  ordinary  parenchymatous  cells, 
and  were  described  under  the  names  of  Woody  Fibres,  and 
Vessels  or  Ducts  ;  but  it  is  now  known  that  they  are  all  derived 
originally  from  such  cells,  and  owe  their  peculiar  appearances 
either  to  various  modifications  in  form,  which  the  latter  undergo 
in  the  course  of  growth,  or  to  their  combination  and  union  with 
one  another.  !rais  common  origin  of  the  Woody  Fibres  of  old 
authors  and  of  the  Vessels  wiSi  the  parenchymatous  cells,  ia 
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prot-ed  by  the  fact,  that  gradual  transitional  forms  from  the  one 
to  the  other  may  be  commonly  observed  ;  and  also  by  tracing 
their  development,  when  it  will  be  found  that  ell  theae  organa, 
however  modified  in  form  and  appearance,  are  derived  originallj 
from  one  or  more  of  the  ordinary  cells.  All  the  obMrvatioui 
made  previoiiHly,  therefore,  aa  to  the  chemical  and  general  pro- 
pertiea  of  cell -membrane,  as  well  as  to  ita  mode  of  growth  and 
thickening,  apply  equally  t«  the  VeeBela.  We  have  already  stated 
this  to  be  the  case  with  regard  to  the  Woody  Fitn^s,  which  we 
have  spoken  of  under  the  names  of  Prosenchymatous  cells  and 
Wood-celts.  By  the  combination  of  the  different  kinds  of 
cells  and  vessels,  we  have  various  compound  struetuiea  formed 
which  are  called  Tissues  :  these  we  now  proceed  to  desoribe. 
The  most  important  and  the  most  abuntUnt  of  them  all  is 
parenchyma,  which  must  be  first  alluded  to. 


1.  Fabbhchtma. — This  is  composed  of  comparatively  thin- 
walled  cells,  whose  length  does  not  exceed  their  breadth,  or  in 
which  the  proportion  of  the  two  diameters  doea  not  vary  to  any 
remarkable  extent.  There  are  several  varieties  of  parenchyma, 
depending  chiefiy  upon  the  forms  of  the  component  cells,  and  their 
modes  of  combination  ;  the  following  are  the  more  important : — 

a.  Bound  or  EUiptical  Parenchyma  {figi.  59  and  89). — This 
is  formed  of  rounded,  or  more  or  less  elliptic  cells,  with  small 
spaces  between  them.  It  commonly  occurs  in  succulent  plants, 
and  generally  in  those  parts  where  the  tissues  are  of  a  lax 
nature,  as  in  the  pulpy  portions  of  leaves  and  fruita.  It  is  oon- 
nect«d  by  various  tranaitional  forms  with — 
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b.  Spongiform  Parenchyma^  which  oonmsts  of  stellate  oells 
(figs.  64  and  90),  or  of  cells  with  an  irregular  outline  produced 
by  projecting  rays,  and  in  contact  only  by  the  extremities  of 
snc^  rays,  so  as  to  leave  large  irregular  spaces  between  them 
{fig.  120,  c).  This  occurs  commonly  in  the  tissue  on  the  under 
sniface  of  most  leaves ;  and  frequently  in  the  air-passages  of 
plants,  particularly  in  the  stems  and  leaf-stalks  of  such  as 
grow  in  water,  or  in  marshy  places,  e.g.  the  Rush  and  Water- 
lily. 

c.  Begwlar  Pcurenchyma. — This  is  formed  of  dodecahedral  or 
polyfaedral  cells,  the  mces  of  which  are  nearly  equal  (figs.  62 
and  63),  and  so  combined  as  to  leave  no  interspaces.  It  com- 
monly occurs  in  the  pith  of  plants. 

d.  EUmaaUd  Parenchyma. — This  is  composed  of  cells  elon- 
gated in  a  longitudinal  direction  so  as  to  become  fusiform  (fi{i, 
67),  cylindricfd  (fia.  66),  or  prismatic,  and  closely  compacted. 
It  occurs  frequently  in  the  stems  of  Munocotyledonous  plants. 

e.  TaJMar  Parenchyma  is  that  which  consists  of  tabular, 
doaely  adherent  cells.  It  is  found  in  the  epidermis  and  other 
external  parts  of  plants  (figs.  65,  92,  e,  and  119-123).  A  variety 
of  this  kind  of  parenchyma  is  called  mwriform,  because  the  cells 
of  which  it  is  composed  resemble  in  their  form  and  arrangement 
the  courses  of  bricks  in  a  wall  (fig.  91).  This  variety  occurs  in 
the  medullary  rays  or  the  silver  grain  of  wood. 

Such  are  the  commoner  varieties  of  parenchyma,  all  of  which 
are  connected  in  various  ways  by  transitional  forms  which  it  is 
unnecessary  to  describe  here.  When  the  parenchjrma  becomes 
much  thickened  in  the  angles  of  the  cells,  as  in  the  tissue  below 
the  epidermis  of  many  plants,  which  has  been  termed  the  %po- 
derma,  (see '  Internal  Structure  of  Leaves'),  as  for  instance  in  that 
of  the  leaf-stalks  of  the  Begonia  (fig,  92),  the  tissue  so  formed  is 
called  CoUenchyma.  When  the  parenchymatous  cells  become 
thickened  so  as  to  form  pitted  or  fibrosis  cells,  the  tissues  formed 
hj  their  combination  constitute  respectively  the  Pitted  CeUular 
Tisstte  and  Fibro-ceUular  Tisstie,  of  some  authors. 

In  some  of  the  lower  orders  of  plants  there  is  a  kind  of  tissue 
present  which  is  quite  as  distinct  from  parenchyma  as  this  is 
from  prosenchyma  and  the  tinues  formed  by  the  vessels  of 
plants.  To  this  the  names  of  Tela  contexta  and  Interlacing  fibril- 
Uform  Tissue  have  been  given.  It  occurs  in  the  Fungi  (figs,  3 
and  4),  and  Lichens  (fia.  68),  and  consists  of  very  long  thread- 
like cells,  or  strings  of  cells,  simple  or  branched,  with  either 
thin,  soft,  readily  destructible  walls,  as  in  Fungi ;  or  dry  and 
firm  ones,  as  in  Lichens ;  the  whole  inextricably  interwoven 
or  entanffled  with  each  other  so  as  to  form  a  loose  fibrilliform 
tksue  (^.  68).  It  is  this  tissue  which  is  also  known  under 
the  name  of  hyphx,  and  which  constitutes,  as  a  general  rule,  the 
vegetative  portion  of  all  Fun^  In  the  larger  Fungi  the  hyphsB 
become  aggregated  at  certam  parts  into  a  comp^t  parenchy- 
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matous   structure,  which  is  termed  pseudo-parenchyma ;   this 
tissue  forms  a  large  portion  of  these  Fungi. 

The  varieties  of  parenchyma  as  just  described  constitute  the 
entire  structure  of  the  lower  orders  of  plants,  or  Thallophytes, 
such  as  the  Algae,  Fungi,  and  Lichens,  which  are  hence  fre- 
quently termed  Cellular  Plants  ;  while  those  orders  above  them, 
which  contain,  commonly,  vessels,  and,  prosenchymatous  wood- 
cells,  in  addition  to  parenchymatous  c^lls,  are  called  Vascular 
Plants  (see  page  7).  In  these  higher  orders  of  plants,  parenchy- 
matous cells  constitute  all  the  soft  and  pulpy  parts  ;  and  in  culti- 
vating plants  or  parts  of  plants  for  culinary  purposes  and  for 
food  generally,  the  great  object  aimed  at  is  to  develope  this 
kind  of  tissue  as  much  as  possible.  Parenchyma  is  connected  by 
various  intermediate  conditions  with  prosenchyma,  which  we  now 
proceed  to  notice. 


Fid.  93.        Fig.  94.        Fio.  95.     Fio.  96.      Fio.  97. 


Fro.  98. 


Fig.  93.   Prosenchymatous  or  wood- 
cells. Fig.  94.  Horizontal  section 

of  prosenchymatous  cells,  showing 

the   thickness   of   their  walls. 

Fig.  95.  Prosenchymatous  cells  in 
combination. 


Fig.  96.  Upper  end  of  a  liber  cell. 

Fig.  97.  Blanched  liber  ceU.    After 

Schleiden. Fig.   98.    Transrene 

section  of  liber-oells,  showing  the 
thickneffi  of  their  walls. 


2.  Pbosenchyma.— The  most  perfect  form  of  prosenchyma  is 
that  commonly  termed  Woody  Timie.  This  tissue  consists  of 
very  fine  cells,  elongated  and  tapering  to  a  minute  point  at  their 
two  extremities,  their  walls  being  much  thickened  (figs.  93  and 
94),  and  when  in  contact  with  one  another  overlapping  by  their 
pointed  ends,  so  that  they  are  firmly  compacted  together  and 
leave  no  interspaces  (fi^.  95).  The  woody  portions  of  all  plants 
consist  in  a  great  part  of  this  form  of  tissue.  It  is  also  found 
in  the  liber  or  inner  bark  mixed  with  parenchyma  and  certain 
vessels,  and  in  the  veins  of  leaves  and  those  of  other  expansions  of 
the  stem  and  its  divisions. 

We  distinguish  three  kinds  of  prosenchymatous  cells  which 
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enter  into  the  composition  of  Woody  Tissues  ;  namely,  the  ordi- 
nary WoodrCtUsj  Disc-bearing  Wood-cells  or  CeUs  icUh  Bordered 
FiUf  and  Liher-cells  ;  these  form  respectively,  by  their  combina- 
tion, ordinary  Woody  Twaiie,  Disc-bearing  Woody  Tissue,  and 
Woody  Tissue  of  the  Liber. 

a.  Woody  Tissue. — This,  the  ordinary  kind  of  woody  tissue,  is 
composed  of  prosenchymatous  cells,  the  walls  of  which,  although 
thicaened,  either  present  a  homogeneous  appearance,  as  is  more 
commonly  the  case,  or  are  marked  with  little  dots  or  pits,  as  in 
pitted  CeUs.  The  occurrence  of  spiral  fibres,  or  rings,  or  reticula- 
tions, is  exceedingly  rare  in  wood-cells.  A  transverse  section  of 
these  cells  shows  the  cellulose  forming  the  walls  to  be  arranged  in 
concentric  layers,  and  which  are  often  of  such  a  thickness  as  to 
almost  obliterate  their  cavity  (Jig.  94).  This  kind  of  tissue  occurs 
in  the  wood  of  most  trees,  except  that  of  the  Coniferse  and  other 
Gymnospermous  orders  ;  and  in  the  veins  of  some  leaves,  and 
those  of  certain  parts  of  the  flower.  The  peculiar  manner  in 
which  these  wood-cells  are  arranged  with  respect  to  each  other, 
overlapping  at  their  pointed  extremities,  and  thus  becoming 
firmly  cemented,  as  it  were,  together,  combined  with  the  thick- 
neae  of  their  walls,  renders  this  tissue  very  strung  and  tough, 
and  thus  admirably  adapted  for  those  parts  of  plants  in  which  it 
is  found,  and  where  such  qualities  are  especially  required. 

b.  Disc-hearing  Woody  Tissne. — This  tissue  is  composed  of 
those  wood-cells  called  cells  'toith  bordered  pits^  which  have  been 
already  described  on  page  41  (figs.  79-83).  This  tissue  constitutes 
generally  nearly  the  whole  of  the  wood  of  the  Conif  ersp  and  other 
Grymnospermous  plants,  as  well  as  a  portion  of  the  wood  of  some 
oUier  plants.  These  disc-bearing  wood-cells  are  much  larger  than 
the  other  kinds  of  wood-cells,  l^iug  often  as  much  as  3I0  ^'^  a^ 
of  an  inch  in  diameter ;  while  the  latter  are  frequently  not  more 
than  3,^5,  or  on  an  average  about  jife^  of  an  inch  in  diameter. 

c.  Woody  TUsue  of  the  Liber  or  Bast  Tisstie. — This  consists 
of  ceUs  much  longer  than  ordinary  wood-cells  (Jig.  90),  with  very 
thick  walls  {fig.  98),  and  owing  to  their  not  being  lignified  are 
softer,  tougher  and  more  flexible  ;  hence  these  are  regarded  as  a 
peculiar  kind  of  cell,  and  have  received  the  distinctive  name  of 
Liber-cells,  from  their  common  occurrence  in  the  inner  bark  or 
liber  of  Dicotyledonous  stems.  Such  cells  are  also  termed  bast- 
Jibres,  and  the  tissue  formed  of  them  Ixist-tissue,  because  the  inner 
bark  is  also  commonly  termed  bast.  These  cells  are  rarely 
branched  (fig.  97).  Besides  the  common  occurrence  of  this  tis- 
sue in  the  liber,  it  also  occurs  as  a  constituent  of  the  vascular 
bundles  of  Monocotyledonous  stems.  The  veins  which  form  the 
framework  of  all  leaves  are  also  in  part  composed  of  this  kind  of 
tissue. 

These  bast-fibres  are  called  bast-tubes  by  some  botanists,  who 
regard  them  not  as  elongated  cells,  but  as  true  vessels  formed  like 
them  by  the  coalescence  of  rows  of  cells,  the  partition  walls 
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between  them  having  become  absorbed,  so  that  their  cavities 
communicate  and  form  a  continuous  canal.  These  liber-ceUs, 
bast-fibres,  or  bast-tubes,  must  not  be  confounded  with  deve- 
vessels  or  sieve-Uibes  (see  page  ^2),  and  which  are  also  frequently 
termed  bast-vessels  from  their  common  occurrence  in  the  fiber. 

From  these  peculiar  qualities  the  woody  tissue  of  the  liber  is 
admirably  adapted  for  various  manufacturin&f  purposes ;  thus 
Hemp,  Flax,  New  Zealand  Flax,  Pita  Flax,  Sunn,  Jute,  China 
Grass,  and  many  other  fibres,  are  all  composed  of  the  liber 
tissue  of  different  plants,  and  will  afford  good  illustrations  of  the 
value  of  such  fibres.  This  liber  when  macerated  so  as  to  separate 
the  cells  from  one  another  is  made  into  a  mash  from  which  the 
best  kinds  of  paper  are  made.  Inferior  sorts  are  prepared  from 
the  woody  tissue  of  many  plants,  but  they  lack  the  toughness  of 
papers  made  from  the  liber,  and  are  brittle  and  tear  more  easily. 

The  different  kinds  of  woody  tissue  are  commonly  associated 
in  the  plant  with  other  organs,  which  are  also  of  an  elongated 
tubular  character,  but  larger  than  the  prosenchymatous  cells  of 
which  the  woody  tissues  are  composed.  These  constitute  the 
vessels  or  vascular  tissue. 

3.  Vessbia  or  Vascular  Tissue. — These  names  were  origi- 
nally given  to  these  organs  from  an  erroneous  idea  of  their  re- 
semblance to  the  vessels  of  animals,  with  which,  however,  they 
have  no  analogy.  The  name  of  duct  has  also  been  frequently 
applied  to  them  by  authors.  The  essential  character  of  a  vessel 
is  that  it  is  composed  of  several  cells,  which  are  united  end 
to  end,  and  the  septa,  dividing  them,  more  or  less  completely 
absorbed.  The  component  cells  may  be  either  very  long  and 
narrow,  or  they  may  be  short  and  bruad.  Their  chief  function 
seems  to  be  to  carry  air  to  the  inner  parts  of  the  plant. 

There  are  several  varieties  of  these  vessels,  which  are  known 
as  pitted,  spiral,  annular,  reticulated,  and  scalariform,  the  char- 
acters of  which  depend  upon  the  modifications  which  their  walls 
undergo  by  thickening  during  their  growth. 

But  besides  these  vessels  we  have  also  other  varieties,  which 
are  commonly  distinguishedunder  the  names  of  sieve-tuhes,  sieve- 
vessels,  or  bast-ve-ssels ;  laiicifero^ts  vessels ;  and  vesicular  or  utricular 
vessels.  These  are  closely  related  to  each  other  from  the  nature 
of  their  contents,  their  chief  function  being  not  to  convey  air  as 
the  other  vessels  jtist  noticed,  but  to  act  as  reservoirs  of  nutrient 
fluids,  and  also  as  carriers  of  such  fluids  to  those  parts  of  plants 
where  they  are  required. 

a.  Pitted  or  Dotted  Vessels. — These  constitute  by  their  com- 
bination Fitted  Tissue,  or  the  VoMform  Tissue  of  some  au- 
thors. A  pitted  vessel  is  formed  from  a  row  of  cylindrical 
pitted  cells  placed  end  to  end  {fig,  09),  the  intervening  par- 
titions of  which  have  become  more  or  less  absorbed,  so  that 
their  cavities  communicate  and  form  a  continuous  canal 
Ifig,  100).    The  origin  of  pitted  vessels  from  a  row  of  cells 
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of  a  similar  pitted  nature  is  clearly  shown  in  many  instances  \>f 
the  oontractiuns  which  their  sides  exhibit  at  various  intervals, 
by  which  they  acquire  a  beaded  appear- 
ance {jig.  99) ;  for  these  contractions  evi- 
dently correspond  to  the  points  where  the 
component  cells  come  in  contact,  and  in 
some  cases  even,  we  find  the  intervenint^ 
membrane  not  completely  absorbed  be- 
tween the  cavities,  but  remaining  in  the 
form  of  a  network  or  sieve-hke  partition 
(fig.  100).  Pitted  vessels  generally  ter- 
minate obliquely  (Jig.  100),  and,  when 
they  combine  with  neighbouring  vessels, 
the  oblique  extremities  of  the  latter  are 
so  placed  as  accurately  to  corres{)ond  with 
the  former.  In  some  cases,  however, 
where  the  pitted  vessels  are  i>ointed  at 
the  ends,  they  overlap  more  or  less  by 
these  points.  Pitted  vessels  may  be  com- 
monly found  in  the  wood  of  Dicotyle- 
dons ;  they  are  mixed  here  with  the 
ordinary  wood-cells,  but  are  much  larger 
than  these,  as  may  be  seen  by  making 
a  transverse  section  of  the  wood  of  the 
Oak,  Chestnut,  and  other  trees,  when  the  holes  then  visible  to 
the  naked  eye  are  caused  by  their  section  (Jig.  178,  p,  r,  r).  The 
pitted  vessels  are  generally  among  the  largest  occurring  in  any 
tissue. 

It  sometimes  happens  that  when  pitted  vessels  lose  their 
fluid  contents  the  neighbouring  parenchymatous  cells  push 
bladder-like  portions  of  their  membrane  through  pores  on 
the  walls  of  a  vessel,  and  then  multiply  by  division  and  form 
a  cellular  mass  which  may  completely  fill  it — to  this  intra- 
cellular tissue  the  name  of  tyloses  has  been  given.  It  may  be 
well  observed  in  the  wood  of  the  Oak,  in  that  of  Rohlnia  pseudo- 
acacia,  in  Periploca,  and  in  the  stem  of  Citcumis  safmi.t. 

b.  Spiral  vessels. — This  name  is  applied  to  vessels  with 
tapering  extremities,  having  either  one  continuous  spiral  fibre 
running  from  end  to  end,  as  is  commonly  the  case  (fig.  101),  or 
two  or  more  fibres  (Jig.  102)  running  parallel  to  one  another. 
Those  with  only  one  spiral  fibre  are  termed  Simple  Spiral 
Vestels ;  those  with  more  than  one,  Compwimi  Spiral  Vessels. 
The  latter  kind  are  well  seen  in  the  stem  of  the  Banana  and  other 
allied  plants,  in  the  young  shoots  of  the  Asparagus,  and  in  the 
Pitcher  Plant.  The  fibi-e  contained  within  the  spiral  vessel  is 
generally  so  elastic  as  to  admit  of  being  uncoiled  when  the  vessel 
is  palled  asunder,  in  which  case  the  wall  is  ruptured  between 
the  coils.  Tliis  may  be  commonly  seen  by  the  naked  eye  by 
partially  breaking  the  young  shoots  or  leaf-stalks  of  almost  any 
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plant,  or  the  leaves  of  the  HyBCintk,  Banana,  and  others, 
and  gently  pulling  asunder  the  two  ends,  when  the  uncoiled 
fibres  appear  like  a  fine  cobweb.  In  moat  cases  the  cuils  of  the 
tibre  are  close  together,  so  that  the  enclosing  membrane  cannot 
be  observed  between  them  ;  but  in  other  instances,  they  ore 
more  or  less  separated  by  portions  of  membrane  (Jig.  101). 
The  latter  appearance  is  probably  caused  by  the  growth  of  the 
cell-wall  after  the  thickening  wMch  forms  the  fibre  has  token 
place,  by  which  the  coils  become  extended  and  separated  from 
one  anotlier.  The  fibre  is  generally  turned  to  the  right  as  in  the 
ordinary  spiral  cells,  although  instances  occur  in  whiI^llit  is  wound 
in  the  opposite  direction.  When  spiral  vessels  come  in  contact 
they  overlap  more  or  less  at  their  ends  (fig.  101),  and  frequently 
the  membrane  between  their  cavities  then  becomes  absorbed  so 
that  they  communicate  with  each  other.  Spiral  vessels  somatimM 
present  a  branched  appearance  ;  this  is  generally  occasioned  by 
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the  union  of  separate  vessels  in  a  more  or  less  oblique  manner 
{Jig.  104)  :  or  occasionally,  it  is  said,  as  in  the  Gourd  and  some 
other  plants,  by  a  division  of  the  fibres  of  distinct  vessels  {fig, 
103). 

Spiral  vessels  occur  in  the  sheath  surrounding  the  pith  of 
Dicotyledons  {Jig.  180,  B,  d),  in  the  vascular  bundles  of  Mono- 
cotyledons (Jig.  176,  m),  and  in  some  of  the  Cormophytea,  as  the 
Lycopodiacea:.  They  also  exist  in  the  petiole  and  veins  of  leaves, 
and  in  those  of  all  other  organs  which  are  modifications  of  leaves, 
as  bracts,  sepals,  petals,^.  They  may  be  also  frequently  found 
in  roots.  In  size  they  vary  from  the  ^  to  jj'g^  of  an  inch  in 
diameter.  The  average  size  is  about  the  Y^'^g.  Spiral  vesaeli 
are  sometimes  called  Trocliem  or  Tj-acJitnthyma,  from  their  re- 
semblance to  the  tracheee  or  air-tubes  of  insects. 

c.  AnnvUir  VeaxU. — In  these  vessels  the  fibre  is  arranged  in 
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the  tatat  of  lingB  npon  their  inner  lurface  (fiyi.  106  Mid  106). 
SomotimM  the  whole  of  the  vessel  preBenta  thia  ringed  appear- 
anee  (Jig*.  106  and  106) ;  while  in  other  vessels  we  find  two 
lingt  connected  by  one  or  more  turns  of  a  spiral,  the  two  forms 
iiT^ntariy  alternating  with  each  other  {fig.  107).  In  size  they 
vary  from  abont  ^^  to  ji^  of  an  inch  in  diameter.  Annular 
veneU  occur  especially  in  the  vascular  bundles  of  the  stems 
of  soft  npidly  growing  herbaceous  plants  among  Dicotylodona  ; 
also  in  those  of  Monocotyledons  ;  and  in  those  of  some  Curmo- 
phytea.  In  the  latter  they  exist  especially,  and  of  a  very  regular 
character  in  the  Equisetaceie. 

d.  Articulated  KMsed.— In  these  vessels  the  spiral  convolu- 
tions are  more  or  less  irregular,  and  connected  in  various  ways 
by  crow  or  oblique  fibres,  so  aa  to  produce  a  branched  or  netted 


Fig.  106.  Fio.  106.    Fiu. 


appearance  {Jig.  108).  These  vessels  are  generally  larger  than 
the  annular,  and  of  much  more  frequent  occurrence.  They  are 
found  in  similar  situations. 

e.  Sealarifmtn  VeueU. — The  peculiar  appearance  of  these 
VBMele  is  owing  to  their  walls  being  marked  by  transveme  bars 
or  lines,  arranged  over  one  another  like  the  steps  of  a  ladder, 
whence  their  name  {Jig*.  109  and  110).  These  vessels  are  some- 
times cylindrical  tubes  like  the  other  kinds,  as  in  the  Vine  Ifig. 
110)  and  many  other  Dicotyledonous  plants,  in  which  condition 
they  are  apparently  but  Blight  modifications  of  reticulated 
II I  iMiili  ;  but  in  their  mure  perfect  state,  scalariform  vessels 
aaanme  a  prismatic  form,  ss  in  Ferns  (Jig.  109),  of  which  they 
are  then  especially  charncteriatic,  though  also  found  elsewhere. 

^nie   anmtiar,  ntitulaUd,  and  acalari/orm  vtueli  constitute 
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the  fpwUins  Irachfs  of  Home  authors.  These  veuelahave  coui' 
inonly  tapering  pointslike  the  true  spiral  vessets  ;  and  thiu  over- 
lap at  their  extremities  when  thej  come  in  contact  (Jig.  109). 
But  in  other  instances  they  temiiiiate  more  or  lets  obliqueljr,  or 
by  flattened  ends,  like  most  pitted  vesfiels.  These  vessels  are 
but  slight  miMlitications  of  the  true  spiral.  This  is  proved  by 
the  fact  tliat  we  frequently  find  in  the  same  vessel  one  or  mor« 
of  the  above  forms  combined  with  the  spiral  (^9,  107  uid  III), 
and  thus  forming  intermediate  states  of  each  other. 


\  vessels  i 


f.  Sicve-iytlKa  or  Si ere-r&ue/s.^ These  i 
thickeutng  of  the  cetl-tvalls  of  their  com- 
ponent ccUa  does  not  take  place  uniformly 
over  their  whole  surface,  but  only  at  the 
ends  of  the  ctlU,  that  is,  where  they  ore 
in  contact  with  others  of  a  similar  nature. 
At  these  ends  it  forms  a  kind  of  network, 
sculptured  in  relief  as  it  were  on  the  wall 
{ji'j.  112,  q) ;  and  when  in  such  cases  tlie 
unthickened  part  of  the  walls  of  conti- 
guous cells  becomes  absorbed  so  that 
their  carittes  become  continuous,  we  have 
formed  what  are  commonly  known  as 
»itve-Mye)  or  iievt-VMncU.  Tliey  are 
also  sometimes  termed  bast-ufsxls.  These 
are  very  constantly  present  in  the  inner 
bark  of  Dicotyledons.  If  such  absorption 
does  not  take  place,  the  name  of  sien, 
latli<t,  or  eUUhrate,  is  applied  to  the  com- 
ponent cells. 

g.  Laticlfennts  Vessels.— Theae  con- 
stitute the  Milk-vesselii  of  the  old  authors. 
They  commonly  consist  of  long  branched 
tubes  lying  in  no  definite  position  with 
regard  to  the  other  tissues  (jigs.  1 13  and 
114),  and  anastomosing  or  uuiting  freely 
with  one  another  like  the  veins  of  animals, 
from  which  peculiarity  they  may  be  at  once 
distinguished  from  the  other  vessels  of 
plants.  When  first  formed  these  vesselsare 
exceedingly  minuteand  their  wallsarereiy 
thin  ;  they  become,  however,  large  and 
thick-sided  as  they  increase  in  age,  but 
even  then  rarely  present  any  pits  or  spiral 
deposits  in  their  interior,  as  is  the  case  in 
the  thickened  cells  and  vessels  already  de- 
scribed. A  common  size  is  tlie  ,-^'^^  of  ar 
They  derive  their  name  from  containing  a  watery  fluid  called 
lafej!,  which  when  expoied  to  the  air  becomes  milky,  and  is 
either  white,  as  in  the  Dandelion,  Spurge,  Poppy,  India- 
rubber,  Lettuce,   and  other  plants ;   or  coloured,   *■  ia  well 
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teen  in  the  CelAndine,  where  it  is  7elli>w.  Tlie  l&tex  lias  a 
number  of  gronuleB  or  globules  flmting  in  it,  wlilch  lu-e  cuin- 
poi«d  of  caoutchouc,  or  snalogoua  gtim-resiniius  matters,  atbu- 
men,  and,  occaaionallf ,  mixed  with  them  may  be  obai-'n'ed  pecn- 
liar**h«ped  starch  granules,  as  in  Euphorbia  {fig.  115).  Fr^my 
states  that  in  certain  plants  he  has  found  a  kind  uf  latex  aa  albu- 
minoui  as  the  serum  of  thebliiod,  or  the  albnmenuftbeegg,  and 
to  which  he  has  given  the  name  of  albuminous  latei.  I^ticiferoits 
vessels  occur  especiall;  in  the  inner  bark  of  many  Diuutyteduns, 
in  the  pith,  and  in  the  petioles  and  veins  of  leaves.  They  are 
also  to  be  found  in  the  vascular  bundles  of  Monocotyletlons  and 
all  parta  which  are  prolonged  from  them.  In  Acotyluduna  tliey 
exist  only  in  the  higher  orders. 

They  &re  formed,  like  other   vesselii,  fmin  rows  of  cells  ar- 
luiged  ia  various  directions  with  respect  to  each  other,  the  parti- 


tions  between  their  cavities  being  nxire  or  less  absorbed  so  tliat 
tliey  communicate  freely  together. 

Besides  the  above  more  common  characteristics  of  Inticiferons 
Tesaels,  there  are  numerous  other  varieties  ;  indeed,  from  the 
very  great  variety  in  structure,  contents,  and  position  of  these 
vessels,  and  the  many  and  various  transitions  between  them  and 
vesicular  vessels,  now  to  be  described,  Sacha  has  propu.ied  that 
these  laticif erous  and  vesicular  vessels  should  be  included  under 
the  common  name   of  iatex-mct. 

h.  Vtmi^ilar  VtaeU. — These  resemble  Uticiferous  vessels 
in  one  particular,  as  they  contain  latex  (which,  however,  is 
clear  or  milky,  but  always  contains  true  or  acicular  ra- 
phides) ;  while,  on  the  nther  hand,  they  are  unbranched  nnd 
snalogons  to  sieve-tubes  in  form,  consisting  as  they  do  of  long 
broad  cells  with  sieve -like  septa.  They  were  first  noticed  by 
a  tie  BcaJea  of  the  bulb  of  Allium,  and  have  ftince 
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been  observed  in  the  leaves  and  other  part*  of  Monocotyledonons 
plantB,  &nd  in  aome  Dicotyledoni. 

We  have  nuw  described  all  the  different  kinds  of  cells,  and 
the  modifications  thej  undergo,  and  the  combinations  of  them 
which  take  place,  ho  as  to  form  vessels.  The  different  kinds  of 
vessels  and  woody  tissues  are  more  or  less  combined  together, 
and  have  always  a  tendency  to  develope  and  arrange  them- 
selves  in  longitudinal  or  vertical  bundles  in  the  parts  of  the  plant 
where  they  are  found,  and  thus  they  may  be  readily  distin- 
gtiished  from  the  parenchyma  in  which  they  are  placed,  both  in 
their  form  and  mode  of  elongation.  We  thus  find  it  con- 
venient  to  speak  of  the  tiaaue  formed  of  these  bundles  under 
the  collective  name  of  Fibro-poactUar  Tigyiw,  or  the  Fiinv-wucii- 
lar.  Vertical,  or  Longitvdinal  Si/item,  to  distinj^h  it  from  the 
ordinary  cellular  tissue,  which  constitUt«s  the  P 
Cetliitar,  or  H<tr!iontal  Sy4tm. 


Fic. 117. 


Fio.  118. 


A,  trom  the  gvrden  Bala 


4.  Epidermal  Tissue. — In  the  higher  Flowerless,  and  gene- 
rally in  Flowering  plants,  the  cells  situated  on  the  surface  of 
the  different  oi^na  vary  in  form  and  in  the  nature  of  their  con- 
tents from  those  placed  beneath  them,  and  are  so  arranged  aa 
to  constitute  a  firm  layer  which  may  commonly  be  readily 
separated  as  a  distinct  membrane.  To  this  layer  the  tenn 
Epidermal  TUaiie  is  given.  It  is  generally  described  as  con- 
sisting of  two  parts  ;  namely,  of  an  inner  portion  called  the 
E])idermis,  and  of  an  outer  tliin  pellicle  to  which  the  name 
Cuticle  has  been  given. 

a.  EpideTtnia.~Tha  consists  of  one  (Jigi.  92,  e,  and  119,  a), 
two  (Jig.  120,  a,  a),  three  (Jif,.  121,  a),  or  more  layers  of  cells, 
firmly  united  together  by  their  sides,  and  forming  a  continuous 
membrane,  except  at  the  points  where  it  is  perforated  by  the 
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■Umuta,  preMntty  to  b«  daacribed  {figt.  127  ud  128,  »).  The*e 
cells  kre  genenll;  of  &  flattened  tkbul&r  chanicter  (fi'ji.  111*- 
123),  the  sidei  irf  which  rurjr  much  in  their  outline  ;  thus,  in 
the  epidarmu  of  the  Jrii,  uid  raaxij  other  Honocotyledona,  they 
»re  elongated  hexagons  {jig.  116,  f,  t);  in  tliftt  of  the  Maize 
they  are  ug^^  {fig.  117,  b,  h) ;  while  in  the  Madder  and  the 
ootnmon  Polypody  they  are  very  irregular  or  ■inuniiB  {Jiij.  118) ; 
and  in  the  epidenuis  of  other  plants  we  find  thum  siiuare, 
rhomboid,  &c. 

Ordinarily  in  European  plants  and  in  those  cenerally  of  cold 
•nd  temperate  climates,  the  epidermis  is  formed  of  but  one  row 
of  celU  (^i.  119,  a,  and  123, 
a)  1  but  in  tropical  plants  we  fre-  '"'■ '  ''■ 

quently  find  two  {fig.  120,  a,  a), 
fiuree  0^9.121,  a),  or  more,  rows 
of  cells,  by  which  provision  such 
plants  are  admirably  adapted, 
a«  will  be  afterwards  eipUiued, 
for  growth  in  hot  dry  climates. 

The  upper  walls  of  the  epi-   i 
dermal  cells  are  generally  much 
thickened  and  chemically  altered 
or  (MticiiUirittd  aa  it  in  t«rmed, 

by  which  the  cell-memhrane  is  rendered  imporriou*  to  m 
and  thus  tends  to  protect  the  more  tender  cellfi  beneath  froD 
An  undue  Iom  of  moisture  during  hot  seasons.     This  thickeninj 


Fif.  MO.  VmlAl  K 
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of    the   upper  walls  of  the  epidermal  cell*  may   be  especially 
obserred  in  leaves   of  a  leathery  or  hardened  texture,   as  in 
those  of  the  Oleander  (fig,  121,  a).  Aloes,  Hova  {fig.   122,  o), 
Box,  and  Holly,  and  in  the  sterna  of  Cactacete  (fi^.  123,  u). 
The  epidernul  cells  are  always  filled  with  colourleu  fluida  \ 
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hence  the  green  and  other  colours  which  leaves  and  other  orean* 
assume  arc  due  to  colouring  matters  at  various  kinds  which 
are  contained  in  the  t^vities  of  the  subjacent  parenchymatov:! 
cells,  and  which  show  through  the  traninarent  epidermal  celln. 
In  the  wnlls.  however,  oC  the  epidermal  celts  of  many  plants, 
waxy  matteria  contained  ;  in  those  of  Chara,  carbonate  of  lime  ; 
ami  in  those  of  the  specie*  of  Eqninttvm  and  of  the  Grasses 

Fr.i.  V2i.  Fio.  123. 


generally,  silica  ifl  met  with  in  such  abundance  that,  if  the 
organic  matter  be  removed  by  the  ageni^  of  heat  or  aciils,  a 
perfect  xkeleton  of  the  structure  will  be  obtained. 

The  epidermis  covers  all  the  parts  of  plants  upon  which  it 
is  found  that  are  directly  exposed  to  the  air  except  the  stigma, 


and  it  in  in  all  cases  absent  from  those  which  live  under  wat«r. 
In  Thallophytes,  as  Fungi,  Algie,  and  Lichens,  it  is  altogether 
wanting.  The  epidermis  which  at  first  covers  the  young 
branches  of  trees  is  replaced  at  a  subsequent  period  by  epiphloem. 
The  roots  of  plants  are  invested  by  a  modified  epidermal 
tissue  to  which  the  term  Bpibltma  has  been  i^iven  by  Schleiden 
(fig.  19)  ;  this  name  is,  however,  now  but  rarely  used.  It  con- 
sists of  cells  with  thin  walls,  without  stomata,  but  possessing 
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cellulu-  hair-like  prolongatiom  termed  Jibiih  or  root-futira  {fns. 
19  and  243). 

b.  CiitUU. — TliiB  consiatB  generally  of  a  thin  transparent 
pellicle,  which  covers  the  entire  surfuce  of  the  ejiiilemial  cells 
C<ff».  116,  p,  p,  and  122,  a)  with  the  eiception  of  the  openinfs 
called  ttoniata  {Jig.  124).  It  fomw  a  sheath  alto  over  the  hairs 
{jig.  124),  and  is  frequently  prolonged  into  the  openings  of  the 
stoinata,  and  from  thence  into  the  paMages  which  commonly 
exist  between  the  sides  of  the  sub-epidermal  cells.  (See  Deve- 
li}pment  of  Stomata  in  Physiological  Botany.) 

Sot  unfrequently  the  cuticle  becomes  of  considerable  thick- 
neaa,  as  in  the  epidermis  of  the  upper  surface  of  the  leaf  of 
Cycaa  {^.  125,  a).  The  cuticle  is  formed  on  the  outside  of 
those  cells  which  are  exposed  to  the  chemical  infiuencen  of  the 
air  and  light.  The  cell-wall  in  such  a  position  becomes  greatly 
thickened  and  altered  in  its  texture  ;  so  much  so  that  the  outer 
part  can  be  stripped  off  as  a  ilistinct  niembnne. 

c.  SUinuUa  or  titimmteii. — These  are  orifices  situated  between 
the  wdea  of  some  of  the  epidermal  cells,  and  opening  into  the 
intercellular  cavities  beneath,  so  as  to  allow  a  free  communication 
between  the  internal  tissues  and  the  external  air  (figi.  127,  s, 
and  128,  ();  Hence  they  are  also  sometimes  called  lireathiny  pi'its. 
Tbeae  orilicet  are  surrounded  by  cells  of  a  different  form  from 
those  of  the  epidermis  ;  and  they  also  usually  contain  aoiue 
chlorophyll  grains.  There  are  generally  but  two  colls  tiur- 
ronnding  the  orifice,  and  these  are  commonly  of  a  more  or  less 
semilunar  form  (jIg.  116),  so  that  the  whole  has  some  faint  re- 
semblance to  the  lips  and  mouth  of  an  animal,  and  hence  the 
name  of  stoma  applied  to  these  structures,  from  crrd^,  a  month. 
The  bordering  cells  have  been  called  '  itomatal  cells,'  '  pore 
cells,'  and  '  guard-cells,'  and  have  the  power  of  opening  or  closing 
the  orifice  which  they  surround  according  to  circumstances,  as 
will  be  explained  hereafter 

when  treating  of  the  func-  pio.  i'>e. 

tions  of  stomata  in  the  part 
describing  the  Physiology 
of  Plants  Instead  of  two 
Btomatal  cells,  we  some- 
times, although  but  rarely, 
find  four,  or  even  more  ; 
thus,  in  some  of  the  Liver- 
worts, the  stomata  are 
rounded  apertnres  between 
the  epidermal  cells,  sur-  . 
rounded  by  three  or  more 
tiers  of  stomatal  cells,  each 
tier  beingitself  composed  of 

four  or  five  cells,  the  whole  forming  a  hind  of  funnel  o 
(jStf.  136). 
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Upon  making  a  verticjJ  eection  through  a  itomste  w« 
usually  find  that  the  stontatal  cells  are  placed  nearly  or  quite  on 
a  level  with  those  of  the  epidenuia.  In  other  cases,  however, 
and  especially  when  situated  upon  leaves  of  a  leathery  or  har- 
dened texture,  the  stomatal  cells  are  below  the  epidermal  ones, 
while  in  some  rare  instances,  again,  they  are  above  them. 


7.  Vi>rtlcKl  FMinion  of  tfa 
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The  stomata  vary  in  form  and  position  in  different  planta, 
nd  in  different  parts  of  the  same  plant,  but  they  are  always  the 
ime  in  any  particuUr  part  of  a  plant.    The  more  common  form 


is  the  oval  (Ju/s.  116,  t,  i,  and  IIV,  <i,  a) ;  but  in  other  instances 
they  are  round  {Jig.  129,  a)  ;  and  in  some  cases  square  {fig. 
130,  a).     They  are  either  placed  singly  upon  the  epidermis,  «t 
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regular  (Jig,  116),  or  irregular  intervals  (Jig.  129) ;  or  in  clusters, 
the  intervening  epidermis  having  none  (jig.  131).  The  former 
is  the  more  common  arrangement.  In  the  Oleander  we  find  little 
cavities  beneath  the  epidermis  of  the  under  surface  of  the  leaves 
(Jig.  132,  c),  which  contain  anumber  of  hairs,  and  between  them, 
at  their  base,  very  small  stomata. 

The  number  of  stomata  also  varies  considerably.  The  follow- 
ing table  will  give  some  idea  of  their  abundance  in  leaves, 
and  it  will  be  observed  that  the  number  of  stomata  is  usually 
greatest  in  those  leaves  where  they  are  entirely  absent  from  their 
upper  surface. 

Stomata  in  one  square  inch  of  surface. 


Upper  surface 

Lower  surface 

Mezereon 

none 

4,000 

Paeony    . 

none 

13,790 

Vine 

none 

13,600 

Olive       . 

none 

57,600 

Holly      . 

none 

63,600 

Laurustiniis 

none 

90,000 

Cherry-Tiaurel. 

none 

90,000 

Lilac 

none 

160,000 

Hydrangea 

none 

160,000 

Mistletoe 

200 

200 

Tradescantia   . 

2,000 

2,000 

House  Leek 

.     10,710 

6,000 

Garden  Flag    . 

.     11,572 

11,572 

^loe 

.     25,000 

20,000 

Yucca 

.     40,000 

40,000 

Clove  Pink      . 

.     38,500 

38,500 

Stomata  are  not  found  upon  all  plants.  Thus  they  are 
absent  from  all  Thallophytes,  as  the  AlgSB,  Fungi,  and  Lichens. 
In  the  higher  orders  of  Cormophytes,  as  the  Ferns  and  their 
allies,  they  abound,  while  in  the  Liverworts  and  Mosses  they 
are  confined  to  certain  organs.  They  exist  more  or  less 
upon  all  Flowering  Plants  and  their  organs.  But  they  are 
far  more  abundant  upon  those  organs  which  are  green  ;  thus 
they  are  found  especially  upon  leaves,  as  we  have  seen,  and 
particularly  on  their  under  surface.  On  floating  leaves,  as  in 
the  Water-lily,  however,  we  find  them  only  on  the  upper  surface. 
They  occur  aJso  on  the  young  green  branches  of  plants  and  on 
the  parts  of  the  flower,  in  the  interior  of  the  fruit  of  the 
WiJlflower,  and  on  the  seed  of  the  Walnut.  In  those  plants 
which  have  no  true  leaves,  as  the  Cactacese,  they  abound  upon 
the  green  succulent  stems.  They  are  commonly  only  found  on 
those  parts  which  are  furnished  with  a  true  epidermis,  and  are 
acconungly  absent  from  roots  and  all  submersed  parts  of  plants. 
They  are  also  absent  from  pale  parasitical  plants ;  from  th^ 
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epidermis  of  plahte  growing  in  darknesa  so  u  to  be  blanched  ; 
and  from  the  riba  of  lenveB. 

6,  AppENTAOBa  OP  THE  EpiDBKMis. — Upon  the  Burfnce  of  the 
epidermis,  or  in  the  Bub-epidermul  tissue,  there  are  frequently 
to  be  found  certain  structures  consiHting  of  one  or  uwre  cells 
of  different  forma,  variouiily  combined,  and  containing  various 
Bubstances.  These  are  termed,  collectively.  Appendages  of  thi 
Efiidermii  ;  and  as  their  name  implies,  they  have  no  connection 
with  the  fibro- vascular  tissue  of  the  leaves  or  stem.  We  shall 
treat  of  them  under  the  two  heads  of  Hairs  and  Gland*. 

(1.)  ^oij-jorJVicAomfs.— These  are  thread-like  prolongations 
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eitemally  of  the  epidermal  cells  covered  by  cuticle  (figs.  119, 
3,  !i,  and  124).  They  may  either  consist  of  a  single  cell,  when 
they  are  called  limpk  hairt  {figs.  133-137),  or  of  several  cells,  when 
they  are  tomponnd  hairt  (figs.  140  and  141).  Simple  ^uiirimay  be 
undivided  (Jig.  133),  or  forked  (fig.  134),  or  branched  (fig.  135). 
A  beautiful  form  of  simple  hair  is  that  called  stellate,  as  seen  in 
Itevtiia  seabra,  Alyisum,  &c.  {fi^t.  136  and  137) ;  this  is  formed 
by  a  cell  dividing  horizontally  into  a  number  of  parts  which  are 
KTranged  in  a  star-like  form. 
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Ctimpouad  hairs  may  b«  also  undivided,  as  is  more  fre'juently 
the  case  (Jyi.  140iindl41),orbranched(».  138andl3'J),  The 
component  celU  of  compound  h&irs  may  be  also  varioimly 
smmged,  and  tJius  give  a  variety  of  forms  to  auch  haira.  Com- 
monly their  cella  are  placed  end  to  end  in  a  aingle  row,  ao  that 
the  haira  aasunje  a  more  or  leaa  cylindrical  form  ;  but  when  the 
component  cells  are  contracted  at  the  points  where  they  come  in 
contact,  they  beconia  mmiUi/orm  or  lucklacc-ihaped  (jigt.  140 
and  141).  AMitnthe  cella  below  are  larger  than  those  above,  ao 
that  the  liairt  gradually  taper  upwarda  to  a  point,  (hey  become 
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conital;  or  when  gradually  larger  from  the  base  to  the  apex,  the 
bain  are  darate  or  chib-ihaped  (JU).  142)  ;  or  when  suddenly 
enlarged  at  their  apex  into  a  rounded  head,  capitate  (Jig.  143). 
^Vhen  the  terminal  cells  of  hairs  are  terminated  by  a  hook  on 
one  aide  pointing  downwards,  such  hairs  are  termed  niuniuite  or 
hnoked  (_fy.  144) ;  or  if  ending  in  two  or  more  hooks  at  the  apes, 
they  are  glochidiate  or  6arieo  (fig.  145).  Haira  again,  instead 
of  being  erect,  oi  placed  obliquely  upon  the  epidermis,  may 
develope  horizontally  in  a  more  or  less  circular  manner,  and 
form  dtUate  hain,  aa  in  the  Ivy  (  fy.  146)  ;  or  two  of  the  com- 
ponent cella  may  develope  in  opposite  directions  from  another 
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cell  raised  above  the  level  of  the  apidermia,  bo  m  to  produce 
what  is  tanned  a  ihield-tiie  or  pelialt  hair  {Jig.  147).  Manj  of 
the  above  furms  occur  equally  in  simple  bain  as  iu  compound  ones, 
and  the  figures  are  taken  indifferently  from  either  kind.  Hany 
hairs  have  one  or  more  spiral  fibres  in  their  interior,  as  those  on 
the  outer  coat  of  the  seeds  of  Acanthodium,  and  the  fruit  of 
Salvia  HormiHitm  {Jig.  148). 


Fio.  148. 
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When  the  divisions  of  stellate  hairs  are  closely  connected  by 
cuticle  or  othemiae,  they  form  icala  or  icurf ;  such  HpidrrDial 
appendages  are,  therefore,  simply  modifications  of  stellate  haira. 
A  scale  may  be  defined  hs  a  flattened  membranous  more  or  less 
rounded  plate  of  parenchymatous  tissue,  attached  by  its  centre, 
and  presenting  a  more  or  less  irr^fular  margin  from  the  unequal 
prolongation  of  its  component  cells  (jig.  149).     Those  scales  am 
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particaUrly  aliniicbuit  on  the  mrface  of  tome  pUnti,  to  irhich 
they  conuntmiate  a  nmtty  or  ■ilver]'  appesnuice,  as  in  the 
Elx  agnut.  Such  a  aurface  is  uid  to  be  Upidotr,  from  Itpis,  the 
Qr«ek  term  for  a  leaU. 

Other  modification*  of  hain  which  are  allied  to  the  above,  are 
the  Tamtnia  or  rameniaerofu  haim  to  frequently  found  upon  the 
st«ni  and  petioles  of  Fern*.  Thew  consiat  of  cella  (fg.  151) 
combined  lo  aa  to  form  a  brownish  flattened  scale  attached 
bj  ill  hmme  to  the  inrface  of  the  epidermis  from  whence  it  erowa 

When  the  hain  are  compoaed  of  cells  which  are  ahort,  and 
have  their  internal  walla  thickened  so  that  they  form  atifl'ened 


proceaacfl,  they  are  then  called  stts  or  brittlm,  and  the  surface 
■a  termed  wfow  or  ttacetnu.  These,  slightly  modified,  form 
yrieJrfo,  which  may  be  defined  aa  Urge  nitilticellular  hairs  which 
spring  from  the  epidermia  and  layer  of  ceUs  beneath,  the  walla 
m  which  are  hardened  by  the  depoaition  of  lignin,  and  which 
terminate  in  a  sharp  point  (jig.  152).  They  are  eapeciallj  abun- 
dant on  the  ■t«mB  of  the  Rose  and  Bramble.  Pricklea  and  some 
other  aUied  structurea  have  been  termed  Ernergtnca.  They 
ahould  be  carefully  diatingviahed  from  tfyinii,  to  be  hereafter 
allnded  to  when  speaking  of  branches.     (See  page  110. ) 

The  hain  above  described  are  either  empty,  or  they  contain 
flnid  of  a  watery  nature,  which  mar  be  colourless  or  coloured. 

6nch  have  been  therefore  termed  by  some  botanista,  lympha- 


tic 


to  distingnish  them  from  other  hair-like  appendage! 
rhich  an  filled  witii  special  aecretlous,  and  hence  have  ' 


a  been 
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called  glandidar  hairs.  The  latter  will  be  again  alluded  to  under 
(jUiH'hy  to  which  variety  of  epidermal  appendage  they  properly 
belong. 

Hairs  occur  upon  various  parts  of  plants,  and,  according  to 
their  abundance  and  nature,  they  give  varying  appearances  to 
their  surfaces,  all  of  which  are  distinguished  in  practical  Botany 
by  special  names.  The  more  common  position  of  hairs  is  upon 
the  leaves  and  young  stems,  but  they  are  also  found  on  the  parts 
of  the  flower,  the  fruit,  and  the  seed.  The  substance  called 
cowhage  consists  of  the  hairs  covering  the  legumes  of  Mucnna 
prnnens  ;  while  cotton  is  the  hair  covering  the  seeds  of  the  species 
of  Gossypium. 

Cotton  may  be  readily  distinguished  under  the  microscope 
from  the  liber- cells  already  described,  from  its  component  cells  not 
possessing  any  stiff  thickening  layers,  and  thus  collapsing  when 
dry,  so  that  it  then  resembles  a  more  or  less  twisted  band  with 
thickened  edges  {fig.  153,  a) ;  while  liber-cells,  such  as  those  form- 
ing ilax  fibres,  from  having  thick  walls,  always  maintain  their 
original  cylindrical  form  and  tapering  extremities,  6. 

On  young  roots  we  find  cells  prolonged  beyond  the  surface 
which  are  of  the  nature  of  hairs,  and  have  therefore  been  termed 
root-hairs  or  fibrils  {figs.  19  and  243).  The  hairs  which  occur  on 
the  parts  of  the  flower  frequently  serve  an  indirect  part  in  the 
process  of  fertilisation  by  collecting  the  pollen  which  falls  from 
the  stamens  ;  hence  such  are  termed  adlectlng  hairs  (fig.  154). 
The  collecting  hairs  which  occur  on  the  style  of  the  species  of 
CamiMHula  (fig.  155,  a)  are  peculiar  from  their  upper  end,  ft, 
retracting  within  their  lower,  at  the  period  of  fertilisation. 

(2.)  Glands. — This  name  properly  applies  only  to  cells  which 
secrete  a  peculiar  matter,  but  it  is  also  vaguely  given  to  some 
other  epidermal  and  snb-epidermal  appendages.  Glands  have 
been  variously  arranged  by  authors  ;  thus  by  some,  into  exier- 
nal  and  inf-emal  ;  by  others,  into  simple  and  compound  ;  while 
others,  again,  have  adopted  different  modes  of  arrangement. 
We  divide  them  into  extendi  and  internal. 

a.  External  Glands.  — These  may  be  again  divided  into  stalked, 
and  sessile  or  iwt  stalked.  The  stalked  gl^ands  are  those  which  are 
frequently  called  glandular  hairs.  They  are  either  formed  of  a 
single  cell,  dilated  at  its  apex  by  the  peculiar  fluid  it  secretes 
{figs.  156  and  157),  or  of  two  (fig.  100),  or  more  (fig.  161) 
secreting  cells  placed  at  the  end  of  a  hair  ;  or  they  consist  of  a 
mass  of  secreting  cells  (figs.  158  and  159). 

Sessile  Glands  present  various  apx>earances,  and  consist,  like 
the  former,  of  either  one  secreting  cell  (fig.  163),  or  of  two,  or 
more  (fig.  162).  Those  with  one  secreting  cell  placed  above  the 
level  of  the  epidermis  are  frequently  termed  papiUte  (fig.  163)  ; 
and  it  is  to  their  presence  upon  the  surface  of  the  Ice-plant  that 
the  peculiar  crystalline  appearance  of  that  plant  is  due.  When 
sessile  glands  are  composed  of  cells  containing  solid  secretions 
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8o  th&t  they  form  hardened  spherical  or  other  shaped  append- 
ages upon  the  surface  of  the  epidermis,  they  are  termed  warts. 

When  a  sessile  gland  contains  an  initatmg  fluid,  and  is  elon- 
gated above  into  one  or  more  hair-like  processes,  which  are 
placed  horiaontally  {Jig.  164),  or  vertically  {Jig.  165),  we  have  a 
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J^.  156.  Stalked  nnioeUuUr  gUnd  of  Snlvia. Fig.  157.  Stalked  nnicel- 

lular  glands  of  Snapdragon  (Antirrhimum  mnju*). Fig.  158.  Sulked 

many-celled  gland  of  Ailanthus  glawluinin.    From  Heyen. Fig.  IM. 

Stalked  many-celled  gland  from  Begonia  ^tanifuUa.    From  Meyen. 

sling  formed.  Stings  are  sometimes  arranged  under  the  head  of 
stalked  glands  ;  we  place  them  here  because  their  secreting  appa- 
ratus is  at  the  base,  and  not  at  the  apex,  as  in  stalked  glandn. 
In  the  Nettle  {Jig.  166),  the  sting  consists  of  a  single  cell, 
enlai^ed  at  its  base,  6,  by  the  irritating  fluid  /,  /,  which  it  con- 


Fi«.  160.    Fio.  161. 


Fig.  162.        Fio.  163. 


Fig.  16<).  Stalked  glani  of  Soapiragon.  terminated  at  Its  summit  by  tw^o 

secreting  o'lU. Fig.  161.  Stalked  gland  with  four  secreting  cells  at  its 

apex.      From  Meyen. Fig.  162.   Se^'Sile  many-celled  gland  from  the 

common  Hopiffumulus Lvpuhis),  and  commonly  termed  a  lupulinic  gland. 
Fig.  163.  On«-celled  senile  glands,  termed  papulte  or  papillct. 


tains,  and  tapering  upwards  to  near  the  apex,  when  it  again 
expands  into  a  rounded  head,  «.  The  enlarged  base  is  closely 
invested  by  a  dense  layer  of  epidermal  cells,  w  e,  which  forms  a 
kind  of  case  to  it.  In  touching  a  nettle  lightly,  the  knob-like 
heady  $y  is  broken  oflT,  and  the  sharp  point  of  the  sting  then  left 
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enters  the  akin,  while  the  irritating  fluid  ia  pushed  up  &t  tho' 
same  time  into  the  wound  by  the  pressure  occasioned  by  the 
elastic  force  of  the  surrounding  epidermal  cells,  loe.  If  >  nettle, 
instead  of  being  thus  touched  lightly,  be  grasped  firmly,  the 


sting  becomes  crushed,  and  as  it  cannot  then  enter  the  skin,  no 
irritation  is  produced. 

b.  Internal  (llaiuh. — These  are  cavities  containing  secretions 
nituated  below  the  epidermis,  and  surrounded  by  a  compact  layer 
of  secreting  cells  {fidi.  lOB,  g,  and  167).     They  are  closely  allied 


Fic.  167. 


in  their  nature  to  receptacles  of  secretion  (see  pM[e  68),  from 
which,  in  tact,  in  many  cases,  it  is  difficult  to  distinguish  them. 
In  some  cases  thev  are  cf  small  size,  as  in  the  leaves  of  the 
Rue  (Jig.  166, 1),  Myrtle,  Orange,  Lemon,  and  St.  John's  Wort. 
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Hie}*  may  be  readily  obierved  hy  holding  such  leave*  between 
ihe  eye  and  the  light,  when  they  appear  lut  little  tranejmrent 
■pots.  Thifl  dotted  transparent  appearance  is  due  lo  thu  iiily 
matters  they  contain  refracting  the  light  in  a  different  manner  to 
that  of  the  other  parta  of  the  leaf.  In  other  inKtancei  these  jjlands 
are  of  large  siza  (Jig.  167,  r,  r),  and  project  more  or  leat  beyond 
tbe  surface  in  the  form  of  little  excresceuces  or  tubercles,  as  those 
in  Ihe  rind  of  the  Oi'ange,  Lemon,  and  Citron.  Intern^  glands 
are  very  curomon  in  niany  other  plants,  besides  those  already 
mentioned  ;  thus  in  all  tbe  Labiate  Plants,  as  Mint,  Marjoram, 
Thyme,  Rossraary,  Sage,  &c. ;  and  it  is  to  tbe  pretence  of  the 
secretions  they  contain  that  such  plants  ove  their  value  as 
articles  of  domestic  economy,  or  as  medicinal  agents. 

Holding  a  sort  of  intermediate  position  between  the  internal 
and  external  glands  aa  abore  described,  are  the  tnie  nectaries  of 


flowers,  which  being  strictly  of  a  glandular  nature  will  be  most 
tffoperly  alluded  to  here  under  the  name  of  luctarifermu  ijla,vh. 
They  are  well  seen  at  the  base  of  the  petals  of  the  species  of 
Ainunctilui  {Jig.  168)  and  in  the  Crown  Imperial  (JU).  IGft), 
These  glands  coosist  of  a  pore  or  depression  into  which  a  honey- 
liVefloid  or  nectar  is  secreted,  orratherexcreted,  by  the  surround- 
ing cells.  The  tissue  of  the  stigma  of  Flowering  Plants  is  also 
covered  by  a  viscid  secretion  or  excretion  at  certain  periods, 
and  may  be  considered  therefore  as  of  a  glandular  natur?. 

6.  Intebcellitlab  Svbtek. — Having  now  described  the 
different  kinds  of  cells,  and  the  modifications  which  they  under- 
go when  combined  so  aa  to  form  the  tissues,  we  have  in  the 
next  place  to  allude  to  certain  cavities,  &c,  which  are  placed 
between  their  sides,     Tliese  constitute  the  Infereell%Uar  f^fUm. 

a.  InlerceUuUir  Fauagetor  Canaliand  IntrTetlbilaT  Upacet. — 
The  cells  being,  in  tbe  greater  majority  of  cases,  bounded  by 
rounded  aurfaces,  or  by  more  or  less  irregular  outlines,  it  must 
necessarily  happen  that  when  they  come  in  contact  witli  one 
another  they  can  ^ml_^  toach  at  certaia  points,  dnd  therelote 
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intersp&ceB  will  be  left  between  tKem,  the  size  of  which  will  vuy, 
according  tu  the  greater  or  leaa  roiindnew  or  irregularity  of  thetr 
Burface«.  When  aurh  apacsB  exist  as  ■niall  angular  canals 
running  round  the  edges  of  the  cells  and  freely  communicatinK 
with  one  another,  as  is  especially  evident  in  round  or  elliptiaJ 
parenchyma  (j^^.  58,  i,  t,  and  5!)),  they  are  called  inienxUvlar 
paisagttoieanah  ;  but  when  they  are  of  large  aiie,  as  in  ipongi- 
forui  tiasue,  thuy  are  termed  iiUetcellviar  upaeet  (,figt-  90  and 
120,  c).  In  Dioat  coses  these  spacea  and  canals  are  filled  with 
air,  and  when  they  occur  in  any  organ  exposed  to  the  atmosphere 
which  possesses  stoniata,  they  always  communicate  with  them 
(_fig.  128,  I),  by  which  means  a  free  passage  is  kept  up  hetween 
the  atmosphere  and  the  air  they  themselves  contain. 

b.  Air  Cavitien. — la  water  plants  the  intercellular  spaces  are 
commonly  of  large  size,  and  bounded  by  a  number  of  small  cells 
rtgularly  arranged  by  which  they  are  prevented  from  communi- 


cating with  one  another,  or  with  the  external  air  iJig.  170)  ;  they 
are  then  commonly  termed  air  c(m(i«s.  In  such  plants  these 
cavities  fulfil  the  important  services  nf  enabling  them  to  float, 
and  of  supplying  their  interior  with  air.  In  other  instances  we 
find  large  air  cavities,  as  in  the  stems  of  Grasses  and  Umbelli- 
ferous plants,  which  have  been  forniedby  the  destruction  of  the^ 
internal  tissues  by  the  more  rapid  growth  of  their  outer  portions  ; 
these  have  no  direct  functions  to  perform. 

c.  EtceptacU4  iff  Secreliim.~  In  many  plants,  again,  the  inter- 
cellular canals  or  spaces  act  as  receptacles  for  the  peculiar  secre- 
tions of  the  plant  ;  in  which  caae  they  are  termed  Beceptackt  of 
Secretion.  In  many  inalances  these  are  closely  allied  to  the 
internal  glands  already  described  (fgi.  16G  and  167).  and  are 
frequently  confounded  with  them  ;  but,  properly  speaking,  an 
intenud  gland  is  a  secreting  organ  in  itself,  while  a  receptacle  of 
secretioa  is  merely  a  cavity  containing  a  secretion  which  hM 
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been  formed  in  other  parts  and  deposited  in  it.  These  receptacles 
Taiy  much  in  form,  but  are  usually  more  or  less  elongated.  They 
are  formed  by  certain  cells  separating  from  each  other  as  they  are 
developed,  by  which  means  a  cavity  is  hollowed  out  of  the  sur- 
rounding tissue.  In  the  Oonifene  they  contain  turpentine,  and 
have  therefore  been  termed  turpentine  vessels.  In  the  plants  of 
this  order  they  occiur  especially  in  the  wood  (Jig.  181 ,  la)  and 
bark  :  those  in  the  wood  forming  elongated  tubular  passages.  In 
the  pericarp  of  the  fruit  of  Um^lliferous  Plants  they  form  club- 
shaped  receptacles  of  oil,  which  are  commonly  termed  vitt«  {jig, 
171,  A  and  B).  The  receptacles  of  secretion  are  found  especially  in 
certain  orders  of  plants,  to  which  from  the  nature  of  their  contents 
they  communicate  important  properties. 

d.  Intercellular  Substance. — The  spaces  above  described  as 
occurring  between  the  sides  of  cells  appear  in  some  few  cases  to 
be  filled  up  by  solid  matter,  to  which  the  name  of  intercellular 
g%tbstance  has  been  given.  This  intercellular  substance  was  sup- 
posed to  be  universally  distributed  between  the  cells,  glueing 
them  together  as  it  were,  and  in  some  plants  occurring  in  great 
abundance,  as  in  many  Algae,  the  homy  albumen  or  endosperm 
of  seeds,  and  in  the  collenchymatous  cells  of  the  common  Beet, 
Begonia  (Jig,  92,  dy  c/),  <&c.  But  in  all  these  cases  this  appear- 
ance is  due  to  alterations  and  changes  which  have  taken  place 
in  the  cellulose  forming  the  cell- wall.  Thus,  in  the  Sea  Wrack, 
it  is  caused  by  the  enormous  imbibition  of  water,  which  makes 
the  outer  part  of  the  cell- wall  swell  up,  and  eventually  to  be 
converted  into  mucilage. 


CHAPTER  3. 

ORGANS   OF   NUTRITION   OR  VEGETATION. 

Havtno  now  fully  considered  the  elementary  structures  of 
plants,  we  proceed  to  describe  in  detail  the  various  compound 
organs  which  they  form  by  their  combination.  These,  as  already 
noticed  (page  13),  are  arranged  in  two  divisions,  namely :  1.  Or- 
gans of  NiUrition  or  Vegttaticny  and  2.  Organs  of  Reproduction. 
The  root,  stem,  and  leaves  form  those  of  nutrition ;  and  the 
flower  and  its  parts  those  of  reproduction.  Upon  the  whole,  it 
is  most  convenient  to  commence  our  notice  of  the  organs  of 
nutrition  with  the  stem. 

Section  1.  Thb  Stem  or  Caulome. 

The  stem  may  be  defined  as  that  part  of  the  axis  which  at  its 
first  development  in  the  embryo  takes  an  opposite  direction 
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to  the  root,  seeking  the  light  and  air,  and  hence  termed  the 
ascending  axis,  and  bearing  on  its  surface  the  leaves  and  other 
leafy  appendages,  (fig.  18,  t).  This  definition  will,  in  nume- 
rous instances,  only  strictly  apply  to  a  stem  at  its  earliest  de- 
velopment, for  it  frequently  happens  that,  soon  after  its  ap- 
pearance, instead  of  continuing  to  take  an  upward  direction  into 
the  air,  it  will  grow  along  the  ground,  or  even  bury  itself  beneath 
the  surface,  and  thus  by  withdrawing  itself  from  the  light  and  air 
it  resembles,  in  such  respects,  the  root,  with  which  organ  such 
stems  are,  therefore,  ordinarily  confounded.  In  these  cases,  how- 
ever, a  stem,  as  already  noticed  (page  14),  is  at  once  distinguished 
from  a  root  by  bearing  modified  leaves,  each  of  which  has  also 
the  power  of  forming  a  leaf -bud  in  its  axil.  The  presence  of 
leaves  with  leaf -buds  in  their  axils  is  therefore  the  essential  cha- 
racteristic of  a  stem,  in  contradistinction  to  a  root,  in  which  such 
structures  are  always  absent. 

All  Flowering  plants,  from  the  mode  in  which  their  axis  is 
developed  from  the  embryo  in  germination  (page  12),  must  ne- 
cessarily have  a  stem,  although  such  stem  may  be  very  short. 
Those  which  have  this  organ  clearly  evident  are  called  catUescetU^ 
while  tho&e  in  which  it  is  very  short  or  inconspicuous  are  termed 
acaulescent  or  stenUess,  In  Flowerless  plants  the  stem  is  not 
necessarily  present ;  thus  it  is  absent  in  all  Thallophytes,  as 
already  noticed  (page  7). 

1.  I>TERNAL  Structure  of  the  Stem  in  general. — A  stem 
in  its  simplest  condition  consists  merely  of  parenchymatous  cells, 
with  occasionally  a  central  vertical  cord  of  slightly  elongated, 
somewhat  thickened  cells.  Examples  of  such  a  stem  may  be 
seen,  with  few  exceptions,  in  Liverworts  and  Mosses  (figs.  7-9). 
Such  a  structure  however  would  be  unsuited  to  plants  except 
tliose  of  low  organisation,  and  we  accordingly  find,  as  a  rule,  that 
in  all  plants  above  the  Mosses  the  stem  is  made  up  partly  of 
parenchymatous  cells,  and  partly  of  woody  tissue  and  vessels  of 
difierent  kinds,  by  which  the  requisite  strength  and  toughness 
are  produced.  In  such  stems  therefore  we  distinguish  two  sys- 
tems as  already  noticed  (page  54),  namely,  a  Parenchymaioiis  or 
Cellular^  and  a  Fibro-vascula7\  The  parenchyinaUyus  system  grows 
in  any  direction  according  to  circumstances,  either  longitudinally, 
by  which  the  stem  is  increased  in  length,  or  horizontally,  by 
which  it  is  enlarged  in  diameter.  The  fibro-vaacular  system 
only  grows  longitudinally,  and  thus  forms  cords  or  bundles  which 
are  distributed  vertically  in  the  midst  of  the  parenchymatous. 
The  parenchymatous  system  is  therefore  also  termed  the  hori- 
zontal system,  Dv  hile  the  fibro-vascular  is  likewise  called  the  longi- 
tudinal  or  vertical  system. 

In  their  internal  structure  the  stems  of  plants  are  subject  to 
numerous  modifications,  all  of  which  may  be,  however,  in  their 
essential  particulars,  reduced  to  three  great  divisions,  two  of 
which  are  found  in  Phanerogamous  or  Flowering  plants,  and  one 
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in  CiTptagamoiu  or  FIowotIcm  pUute.  As  illuHtratiom  of  the 
two  former  we  may  take  an  Oak  and  a  Palm  stem  ;  uf  the  Utt-;r, 
thjtt  of  a  Tree-fern. 

Upon  making  a  tranaveree  lectioii  of  si)  Oak  {fig.  173),  we 
obaarre  that  the  two  ajBteiiiB  of  which  the  it«iti  is  ciiuipiMed  are 
■o  arraiiKed  aa  to  exhibit  a  dLstinct  separation  of  jMrtA.  Tlius 
we  have  a  ceotral  one,  n>,  called  the  pith ;  an  extumal  one,  e  f,  ur 
bark  ;  an  intennediate  wood,  r,  dispersed  in  concentric  layers  ; 
and  little  rays,  6,  connacting  the  pith  and  the  bark,  temied  mf- 
duUary  rayt.  Such  a  stem  grows  eaaentially  in  diameter  by  an- 
nual additions  of  new  wood  on  the  ontside  of  the  previous  wood, 
and  henoe  it  is  called  Exogenous  (from  two  Greek  words  signi- 

^ring  oHttidt  griDOert). 


Fio.  i;a. 


Fio,  1T8. 


In  a  Palm  stem  no  such  distinction  of  parts  can  be  noticed 
(Jig.  173),  but  upon  making  a  tranBTerse  section  we  observe  a 
maaa  of  parenchyma,  m,  aixtributed  throughout  it,  and  the 
fibrO'Tsacnlar  syHtem  arranged  vertically  in  this  in  the  form  of 
separate  bundles,  /,  which  have  no  tendency  to  form  concentric 
layeraof  wood  ;  the  whole  being  covered  externally  by  a  fibrous 
and  parenchymatous  layer,  f>,  which,  as  will  be  hereafter  seen, 
is  formed  essentially  by  the  ends  of  the  vascular  bundles,  and 
which  is  termed  the  faUe  hark  or  rind.  This  structure  is  called 
Endt^enous  (from  two  Greek  words  signifjinf;  intide  grincera), 
as  su^  sterna  grow  by  the  addition  of  new  vascular  bundles 
which  are  at  first  directed  towards  their  interior.  These  two 
btructures,  the  Exogenous  and  End<^nous,  are  characteristic 
of  Flowering  plants. 

If  we  now  turn  our  attention  to  Flowerless  plants,  and  make 
a  transverse  section  of  a  Tree-fern  {fg.  17*),  we  observe  the 
cental,  m,  to  be  either  boUcw  or  Slled  irith  parenchyma,  \.Va 
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-vnaciilarbutidlea  being  arntnged  ill  irregular  sinuouH  plates  around 
it,  r,  e,  r,  and  forming  a  continuoui  or  interrupted  circle  near 
the  circumference,  which  conaiits 
of  a  rind,  e,  inBe-uarable  from  the 
wood  beneath.  l%ia  structure  ii 
termed  Acrogenoue  (from  two 
Greek  words  a^ni^ring  ftinitntl 
grotceri),  becaoae  such  a  stem 
growH    only   hy   additions   to    its 

The  characteristic  peculiaritie* 
thus  found  to  enat  in  the  internal 
appearance  and  growth  of  thaae 
three  kinds  of  stem  are  due  to 
cnrreHponding  differences  in  their 
component  parts,  or,  as  they  are 
coiDmonly  called,  their  j!bm-ntj- 
eular  or  vtaciilar  bwidUt.  Thni 
Ftff.  171  -nfliniErM  Kcti™  of  the  the  vascular  bundle  of  an  Kxo- 
'm™™  wi^^wch' m  w«iiSI(r  fii  geneus  stem  (Jig.  175)  conaista  in 
tb«  Hiitn.  r. «.  t.  Fltiro-THculsr  the  tirst  year  of  growth  of  a  layer 
bnodiea.   t.  Bind.  ^f  gpjnj  vogaols,  t  i,  aurroundina 

tlie  pith,  p;  and  on  the  outside  of 
this  layer  there  are  subsequently  developed,  in  perennial  plants, 
pitted  vessels,  d,  and  woiMl-cells,  w,  which  together  form  the 
wood.  In  herbaceous  plants  annular  and  reticulated  vessels  are 
also  found  intermixed  with  the  wood-cells.  The  whole  is  covered 
externally  by  a  layer  of  vitally  active  cells  called  the  cambium 
layer,  c,  on  the  outside  of  which  are  the  hber,  I,  and  the  other 
parts  of  the  bark,  e  e,  and  the  epidermis,  e.  The  different  kinds 
of  tissue  which  are  placed  within  the  cambium  layer  form  what 
has  been  called  the  xyUm  or  woody  portion  of  the  bundle  ;  and 
those  outside  the  cambium  the  phloim  or  bark.  In  these  bun- 
dles the  growth  of  the  different  parts  is  progrfsdrt,  the  inner 
part  of  each  being  first  formed,  and  growth  gradually  proceeding 
to  the  outside,  and  as  they  contain  cambium  they  are  capable  cS 
further  growth,  and  thus  form  periodically  new  layers  of  xylem 
and  phloem,  and  are  therefore  called  indefinite  or  open  nuntlar 
bundles.  It  also  necessarily  follows  from  the  cambium  being 
placed  between  the  xylem  and  the  phloem,  that  the  layers  of  in- 
crease U>  these  parts  of  the  bundle  are  in  continuity  with  the 
previous  ones. 

In  Endogenous  stems  the  vascular  bundles  {fig.  176)  consist 
internally  of  wood-cells,  w,  and  spiral  vessels,  s  «  ;  on  the  outside 
of  which  other  spiral  vessels  are  formed,  as  well  as  pitted,  d,  and 
other  vessels  ;  tliese  are  succeeded  by  a  number  of  delicate  paren- 
chymatous cells,  c,  corresponding  to  cambium  cells,  which  are 
gradually  converted  into  thick-sided  prosenchymatous  cells,  t, 
resembling  those  of  the  liber  of  Exogenous  items.      On  the 
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ODtside  of  thcM  liber-cella  are  tome  Uticiferous  Teueh  k  ;  and 
the  whole  bundle  is  BDiTouiided  hy  parenchyma,  p.  In  this  caM 
the  development  of  the  vaacnlar  bundles,  like  those  of  EicigeniiuB 
■tenia,  ia  giKdnal,  the  inner  part  of  each  being  fint  furmtd  and 
growth  proceeding  progremivel;  to  the  outside  ;  hence  these  also 
are  pio^reMive  bnndlea,  bat,  as  such  buadlet  hare  no  la^rer 
of  growing  cells  resembling  the  cambium  layer,  no  increase 
in  size  can  take  place  in  them  in  succeuive  seasons,  as  in  the 
indefinite  tsscuIbt  bnndles  of  Exogenous  stems.  Hence  the  new 
TasciiUr  bundles  are  not  developed  in  continuity  with  the  old. 


Fio.  ITS. 


but  remain  distinct  and  of  limited  size.     They  are  therefore 
named  dtJiiaU  or  cltntd  vtuntlar  InindUs. 

In  Acrogenous  stems  the  vascular  bundles  are  chiefly  made 
up  of  veneli  of  the  scalarifuim,  sjinular,  or  spiral  type,  accord- 
ing to  the  different  orders  of  Cormophytes  from  whence  they 
have  been  derived  ;  these  are  surrounded  by  delicate  tnbniu 
cells,  and  the  whole  is  enclosed  by  a  firm  layer  of  parenchy- 
niatous  cells  the  walls  of  which  have  undergone  a  thickening 
and  hardsning  process,  and  towhich  the  name  of  KUrenchyina  has 
been  given.  Such  bundles  only  grow  by  additions  to  their  sum- 
mit, and  as  the  elements  of  which  they  are  composed  ue  iwt 
iormed  ia  aucoeauoa  like  tboae  of  indefinite  and  detinltQ  \ttM\i\ai 
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bundles,  but  aimultoneoualj',  they  a 
eiiJar  bundles. 

The  diatinetive  appearances  and  mode*  of  growth  which  we 
huve  thus  Been  to  occur  in  the  Btenia  of  the  three  plants  above 
noticed  ore  also  accompanied  by  certain  differences  in  the  struc- 
ture of  their  embryo.  Thus  plants  with  Exogenous  st«iuB  haTe 
an  embryo  with  two  cotyledons  (Jigt.  14  e,  c,  and  16  c,  e) ;  thoae 
with  Endogenous  stems  have  but  one  cotyledon  in  their  embryo 
(Jig.  17,  c) ;  while  those  with  Acrogenous  stems  have  no  proper 
embryo,  and  consequently  have  no  cotyledons.  Hence  Exogenous 
stems  are  also  termed  l)icotyUdo)io^is ;  Endogenous  sterna  Mo%to- 
colijltdonoria;  and  Acrogenousstems  j4i;oti/f«(ioiiotM.  Forreaioiu 
which  we  shall  describe  hereafter,  the  latter  terms  are  in  some 
cases  to  be  preferred  to  the  former.  lu  the  succeeding  pages  we 
shall  use  them  indiscriminately. 

With  these  general  remarks  on  the  internal  structure  of  the 
three  kinds  of  stems  we  now  proceed  to  describe  them  reapectiTely 

A.  ExooEsoosoR  DiccmfLBPONOTja  Stem.— All  the  trees  and 
large  shrubs  of  this  country,  and  with  rare  exceptions  those  of 
temperate  and  cold  chmates  are  exogenous  in  their  growth.     Id 
warm  and  tropical  climates  such  plants  occur  associated  with  thoM 
possessing  eudugeuuus  and  acrogenous  structure ;  but  exogenous 
plants  are  far  the  most  abundant  even  in  these  puts  of  the  globe. 
In  the  embryostate,  the  Exogenous  stem  is  entirely  composed 
of  parenchyma.     But  as  soon  as  growth  commences,  some  of  its 
parenchymatous  cells  become   deve- 
Fiu.  177.  loped  ini«  vessels  and  wood-ceils,  so 

as  to  form  the  wood  of  the  indefinite 
vascuUr  bundles  which  are  charac- 
teristic of  such  a  stem.  These  woody 
portions  (Jig.  17T)  &t^  at  first  sepa- 
rated from  each  other  by  large  inter- 
vening spaces  of  parenchyma,  but  as 
growth  proceeds  they  continue  to  en- 
large, white  at  the  same  time  new  vas- 
cular elements  are  formed  between 
them,  so  that  they  ultimately  form 
at  the  end  of  the  fint  year's  growth 
B  a  zone  of  vessels  and  wood-cells 
'  round  the  central  mass  of  paren- 
,  cfayma,  interrupted  only  at  certain 
!  points  by  projections  of  this  paren- 
l  chyma  in  the  form  of  radiating  lines, 
t  This  zone  is  also  surrounded  by  an 
external  layer,  b,  of  parenchymatous 
tissue,  which  is  connected  with  the 
central  parenchyma  by  the  radiating  lines  already  alluded  to. 
The  stem  then  presents  the  following  parts  {Jig.  177}  i    1.  A 


b.  But 
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central  maaa  of  parenchyma,  m,  which  is  odled  the  MfdnlUi 
or  Pith  ;  2.  An  interrupted  ring  of  spiral  Te««eU,  (,  called  the 
JItiiullary  ahtath  ;  3.  An  interrupted  zuno  or  ring  of  wood- 
cell*  and  vea«el»,  forming  the  Wuod ;  i.  A  zone  of  very  delicate 
thin-walled  cells,  the  Catnhium  la<jer  \  5.  Radiating  linei,  r, 
coonectiiw  the  pith  with  the  cambium  layer,  the  MtdyiUartj 
rayt ;  6.  The  Bark,  b,  a  man  of  green  parenchyma  Biirroundiiig 
the  whole  item,  and  which  b  itoelf  enveloped  by  the  Epi- 

The  stems  of  plants  which  live  more  than  one  year,  at  those 
of  trees  and  shrubs,  at  first  rviemble  those  which  are  herbaceous 
or  die  yearly,  except  that  the  wood  in  such  plantfi  is  generally 
firmer  and  in  larger  proportiun.  As  growth  prvceedt  in  the 
second  year,  a  new  zone  of  wood  in  formed  on  the  outaide  of  the 
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one  of  the  previous  year  {jig.  178,  2),  while  at  the  name  time 
•  new  fibrous  layer  is  added  to  the  inside  of  the  bark,  I.  These 
Isyen  are  developed  out  of  the  vitally  active  cells  of  the  cambium 
layer,  already  ^uded  to  aA  being  situated  between  the  xylem 
and  the  phloem  of  the  indefinite  vaacular  bundles  which  form 
the  stems  of  Exogenous  plants  {fig.  175,  c).  The  medullary  rays 
{fig- 180,  A,  i,  i),  at  the  same  time  increase  by  addition  to  their 
outside,  and  thus  continue  to  keep  up  the  connection  between 
the  pith  and  the  bark.  In  succeeding  years  we  have  in  like 
manner  new  layers  of  wood  and  fibrous  bark,  one  of  each  for 
every  year's  growth  {fig.  178,3),  while  the  medullary  rays  also 
continue  to  grow  from  within  outwards.  Each  succeeding 
year's  growth  ia  therefore  essentially  a  repetition  of  that  of  the 
fintyear,  except  as  regards  thepithand  spiral  vessels;  theformer 
of  which  doe*  not  increase  in  size  after  the  first  year,  &nd  ^ 
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latter  are  never  repeated,  so  that  in  old  stems  we  have  no  more 
distinct  regions  than  in  those  of  the  first  year.  We  have  conse- 
quently in  all  Exogenous  stems  the  following  parts,  namely,  pith^ 
medullary  sheath,  vx)od,  medullary  rays,  cambium  layer,  and 
bark — which  we  shall  now  describe  in  the  order  in  which  they  are 
placed. 

1.  Pith  or  Medulla  (figs.  178,  m,  and  180,  a,  a).— This 
consists  essentially  of  parenchyma,  and  it  forms  a  more  or  less 
cylindrical  or  angular  column  which  is  situated  commonly  at,  or 
towards,  the  centre  of  the  stem.  As  a  general  rule  the  pith  is 
not  continued  into  the  root,  but  it  is  always  in  connection  directly 
with  the  terminal  bud  of  the  stem,  and  also  at  first  indirectly 
by  the  medullary  rays  with  all  the  lateral  leaf -buds ;  as  the 
latter,  however,  continue  to  develope,  their  connection  with  the 
central  pith  is  cut  off,  as  will  be  explained  hereafter  in  speaking 
of  their  structure  and  origin.  The  parenchyma  of  which  the 
pith  is  composed  is  generally  that  kind  which  is  known  as 
regular  {fig.  62),  so  that  when  a  section  is  made  of  it,  and 
examined  microscopically,  it  presents  a  hexagonal  (fi^.  63),  or 
polyhedral  appearance. 

In  the  earliest  stages  of  the  plant's  existence  the  whole  of  it 
consists  of  cells  similar  to  those  which  form  the  pith,  and  the 

name  of  fundxvmenial  ti^tsue  has  been  given  to 
it ;  as  out  of  this  tissue,  by  the  differentiation 
of  special  cells,  the  more  elaborate  spiral  and 
other  vessels,  and  wood-ceUs  are  developed. 
As,  however,  these  elements  of  the  fibro-vas- 
cular  bundles  increase  in  number,  they  en- 
croach upon  the  fundamental  tissue,  circum- 
scribing the  central  portion  till  it  assumes  the 
appearance  of  a  central  continuous  column 
filling  the  interior  of  the  stem  and  giving  off 
the  medullary  rays  as  flattened  plate-like  pro- 
cesses. 

Instead  of  continuing  to  form  an  uninter- 
rupted column,  the  pith,  in  after  years,  owing 
to  external   parts    growing  rapidly,   becomes 
more  or  less  broken  up  ;  and  even  in  such  plants 
as  the  Hemlock  and  others,  which  grow  with 
great  rapidity,  it  is  almost  entirely  destroyed, 
merely  remaining  in  the  form  of  ragged  por- 
tions attached  to  the  interior  of  the  stem.     In 
some  plants,  such  as  the  Walnut  {fig.  179)  and 
Jessamine,  the  pith  is  broken  up  regularly  into 
horizontal  cavities  separated  only  by  thin  discs 
of  its  substance.     It  is  then  termed  discoid. 
The  diameter  of  the  pith  also  varies  much  in 
different  plants.  It  is  generally  very  small  in  hard- wooded  plants, 
as  in  the  £bony  and  Guaiacum  ;  while  in  soft- wooded  plants,  as 
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Fio.  179.  Younjf 
liranch  of  Wabnit 
(Jurjlans  7Yjffo)cut 
vertically  to  show 
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the  Elder  and  Rioepaper  Plant  {Tetrapanax  (Aralia)paf»jrifera)f 
it  U  large.  The  diameter  not  only  varies  in  different  plants,  but 
also  in  different  branches  of  the  same  plant ;  but  when  once  the 
z<  »ne  of  wood  of  the  first  year  is  fully  perfected,  the  pith  which 
it  surrounds  can  no  longer  increase,  and  it  accordingly  remains 
of  the  same  diameter  throughout  the  life  of  the  plant. 

The  pith,  as  we  have  just  seen,  is  essentially  composed  of 
parenchyma.  It  also  frequently  contains  laticiferous  vessels,  as 
may  be  readily  observed  by  breaking  asunder  a  young  branch  of 
the  Fig-tree,  when  a  quantity  of  milky  juice  at  once  oozes  out 
from  t£eir  laceration. 

2.  The  Medullary  Sheath  {fig,  180,  B,  d)  consists  of  spiral 
vessels  which  are  situated  on  the  innermost  part  of  each  wedge  of 
wood^.  They  do  not  form  a  continuous  investment  to  the  pith,  but 
spaces  are  left  between  them,  through  which  the  medullary  rays 
pass  outwards  (fig.  177,  i).  As  the  spiral  vessels  are  never  re- 
peated after  the  first  year's  growth,  the  medullary  sheath  is  con- 
sequently the  only  part  of  the  stem  in  which  they  normally  occur. 

3.  The  Wood. — ^This  is  situated  between  the  pith  on  its  inside 
and  the  bark  on  its  outer  (fig.  172,  r),  and  it  is  separated  into 
wedge-shaped  bundles  by  uie  passage  through  it  of  the  mednl 
lary  rays,  b.  We  have  seen  that  in  the  first  year's  growth  of  an 
exogenous  stem  the  wood  is  deposited  in  the  form  of  an  inter- 
rupted zone  immediately  surrounding  the  pith  (fig.  177).  That 
portion  of  the  zone  which  is  first  developed  consists,  as  we  have 
seen,  cfaiefiy  of  spiral  vessels  (^S^^.  177,  t ;  178,  t ;  and  180,  B,  d), 
which  form  the  mediUlary  sheath. 

On  the  outside  of  the  medullary  sheath,  the  zone  of  wood 
forming  the  first  year's  growth  (fig.  180,  B,  1)  consists  of  woody 
tissue,  c,  among  which  are  distributed,  more  or  less  abundantly, 
some  vessels,  6,  chiefly  of  the  kind  called  pitted  in  i)erennial 
plants  ;  although  in  herbaceous  plants  we  have  also  annular  and 
other  Teasels.  When  the  stem  lasts  more  than  one  year  a  second 
zone  of  wood  is  formed,  as  we  have  seen,  from  the  cells  of  the 
cambium  layer  which  are  placed  on  the  outside  of  the  first  zone. 
This  second  zone  (fig.  180,  2)  resembles  in  every  respect  that  of 
the  first  year,  except  that  no  medullary  sheath  is  formed  ;  it 
consists  therefore  entirely  of  woody  tissue  and  pitted  vessels, 
c,  b.  In  the  third  year  of  growth  another  zone  of  wood  is 
produced  precisely  resembling  the  second  {fig.  180,  3),  and  the 
same  is  the  case  with  each  succeeding  annual  zone  as  long  as  the 
plant  continues  to  live.  It  is  in  consequence  of  each  succeeding 
layer  of  wood  being  thus  deposited  on  the  outside  of  those  of  the 
previous  years,  that  these  stems  are  called  exogeiwiis.  In  the 
stems  of  Gymnospermous  Plants,  as  those  of  the  Fir,  Yew,  and 
Cypress,  the  annual  zones  of  wood  which  are  well  marked  (fig. 
181),  instead  of  being  formed  of  ordinary  woody  tissue,  and  pitted 
vessels,  consist  entirely  of  disc-beahng  woody  tissue  (see  pages 
41  and  47). 
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The  pitted  veuelB,  which  as  we  have  seen  form  tut  eMential 
portion  of  the  anniinl  l&yers  uf  the  wood  of  ail  exogenous  stems, 
except  thoBe  of  the  Gymnospennia,  are  io  large  in  the  Oak,  Ask, 
and  other  plants,  that  tliey  may  readily  be  seen  by  the  naked  eye 
upon  making  a  transverse  section  of  the  stems  of  such  trees ;  and 
in  all  cases,  upon  examining  under  the  microscope  a  transTflrse 
Hlice  of  any  common  exogenous  Btem,  the  pitted  Tessela  may  be 
at  once  distinguished  from  the  wood-cells  by  the  larger  size 
of  their  openings  (^fyii.  178,  v,  v,  v,  and  180,  A,  b,  6,  6),     In  the 
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Conifene,  a  transverse  section  shows  the  wood  t«  be  made  up,  as 
just  noticed,  of  diso-bearing  woody  tissue,  though  the  cells  which 
have  been  formed  earliest  in  the  year  in  each  zone  are  larger 
and  have  thinner  walls  than  those  which  have  been  formed  at  the 
end  oftbe  year  (/iff.  181).  They  are  also  lai^er  than  those  of  the 
ordinary  woody  tissue  of  other  trees.  The  pitted  vessels  in  ordi- 
nary trees  are  also  commonly  more  abundant  bu  the  inner  part  of 
each  annual  zone,  the  wood-cells  forming  a  compact  layer  on  the 
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cntude  f^.  180).  In  auch  caaei  the  liniita  of  each  tone  nre 
acctirstelj' defined.  In  those  trees  which  have  the  pitted  vegsds 
more  or  less  diffused  throughout  the  woodj  tUsue,  aa  in  the 
Lime  and  Maple,  the  Eonea  ore  by  no  tnenns  mi  evident,  nnd 
can  then  only  be  diHtinKuiBhed  by  the  tmftUer  site  <if  the  wood- 
oellfl  on  the  outside  of  each  layer,  which  appearance  is  caused 
by  their  diminished  growth  towards  the  end  of  the  season. 

The  distinction  between  the  annual  zones  is  always  most 
erjdent  in  trees  growing  in  temperate  and  cold  climate*,  where 
there  is  a  more  or  less  lengthened  winter  in  which  no  growth  takes 
place,  followed  1^  rapid  vegetation  aft«rwards  in  the  spring  and 
other  seASons.  In  the  trees  of  tropical  climates  the  zones  are 
not  so  cleariy  defined,  because  there  is  no  complete  season  of 
repoae  in  such  regions,  although  to  a  certain  extent  the  dry 
■eawon  here  leads  to  a  oessation  of  growth,  but  the  alternation 
of  the  growing  season  and  that  of  reet  is  not  so  well  marked 
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as  in  colder  climates.  As  alternations  of  growth  and  seasons  of 
repose  may  thus  l>e  shown  to  prodiu^e  the  ap[iearance  of  annual 
zones,  we  can  readily  understand  that  if  a  plant  were  submitted 
to  sncb  influences  several  times  in  a  single  year  it  would  pro- 
duce a  corresponding  nnmber  of  zones  ;  and  this  does  really 
occur  in  some  plants  of  temperate  climates,  psrticulnrly  in  those 
which  are  herbaceous,  where  growth  is  more  rapid  than  in 
hard-wooded  perennial  plants,  go  that  the  influence  of  auch 
alternations  is  more  evident.  In  tropical  climates  the  production 
of  two  or  more  zones  in  a  year  is  probably  even  more  frequent 
than  in  temperate  regions.  In  other  trees  again,  we  have  only 
one  lone  produced  as  the  growth  of  several  years,  as  in  the 
Cyeat ;  and  lastly,  there  are  instances  occurring  in  which  no 
annnal  sones  are  formed,  but  the  wood  forms  a  unifonn  moss, 
whatever  be  the  age  of  the  plant,  as  in  certain  species  of  Cucti. 
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Such  appearances  as  the  two  latter  are,  however,  totally  indepen- 
dent of  climate,  but  are  the  characterintic  peculiarities  of  certain 
plants,  and  oven  of  entire  natural  orders. 

The  annual  layers  of  different  trees  vary  much  in  thickness, 
thus  they  are  much  broader  in  soft  woods  which  grow  rapidly, 
than  in  those  which  are  harder  and  of  slower  growth.  Tne  in- 
fluence of  different  seasons  again  will  cause  even  the  same  tree 
to  vary  in  this  respect,  the  zones  being  broader  in  warm  seasons 
than  in  cold  ones,  and  hence  we  And  the  trees  as  we  approach  the . 
poles  have  very  narrow  annual  zones.  The  influence  of  soil  and 
other  circumstances  will  also  materially  affect  the  thickness  of 
the  annual  zones  in  the  same  tree.  We  And  also  that  the  same 
zone  will  vary  in  diameter  at  different  parts,  so  that  the  pith, 
instead  of  being  in  the  centre  of  the  wood,  is  more  or  less  eccen- 
tric, owing  to  the  zones  being  thicker  on  one  side  than  on  the 
other.  This  irregular  thickness  of  the  different  parts  of  the 
annual  zones  is  owing  to  several  causes,  but  the  greater  growth 
on  one  side  is  chiefly  due  to  the  fact  of  its  being  more  exposed 
to  light  and  air  than  the  other. 

The  annual  zones  also  vary  in  thickness  in  the  same  tree,  ac- 
cording to  the  age  of  that  tree.  Thus  when  a  tree  is  in  full 
vigour  it  will  form  larger  zones  than  when  that  period  is  past, 
and  it  begins  to  get  old.  The  age  in  which  trees  are  in  full 
vigour  varies  according  to  the  species  ;  thus  the  Oak,  it  is  said, 
will  form  most  timber  from  the  age  of  twenty  to  thirty,  and  that 
after  sixty  years  of  age  the  amount  formed  will  be  much  lees 
considerable.  Again,  in  the  Larch,  the  vigour  of  growth  appears 
to  diminish  after  it  is  forty  years  of  age  ;  in  the  Elm  after  fifty 
years  ;  in  the  Beech  after  thirty  years  ;  in  the  Spruce  Fir  after 
forty  ;  and  in  the  Yew  after  sixty  years. 

Duramen  atid  Alburm^m. — When  the  annual  layers  are  first 
formed,  the  walls  of  their  component  wood-cells  and  vessels 
are  pervious  to  fluids,  and  very  thin,  and  their  cavities  gorged 
with  sapy  which  they  transmit  upwards  from  the  root  to  the 
leaves.  As  they  increase  in  age,  however,  their  waUs  become 
thickened  by  various  deposits  from  the  contained  sap,  by  which 
their  cavities  are  ultimately  almost  obliterated,  and  they  are 
thus  rendered  nearly  imi)ervious  to  fluids.  This  change  is  espe- 
cially evident  in  the  wood  of  those  trees  in  which  the  incrusting 
matters  are  of  a  coloured  nature,  as  in  the  Ebony,  Mahogany, 
Rosewood,  and  Guaiacum.  Such  coloured  deposits  are  gene- 
rally most  evident  in  tropical  trees,  although  they  also  occur 
more  or  less  in  most  of  the  trees  of  cold  and  temperate  regions. 
In  some  of  the  latter,  however,  as  the  Poplar  and  the  Willow, 
the  wliole  of  the  wood  is  nearly  colourless,  and  exhibits  no 
difl'erence  in  the  appearance  of  the  internal  and  external  layers. 
The  value  of  wood  as  timber  depends  chiefly  upon  the  nature 
of  this  incrusting  matter,  and  is  commonly  in  proportion  to  it« 
colour ;  hence  those  woods,  as  Ebony,  Iron- wood,  and  Mahogany, 
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wbich  ai-e  deeply  coloured)  are  far  harder  and  more  durable  than 
white  woods,  such  as  the  Poplar  and  the  Willow. 

From  the  above  characters  presented  by  the  wood  aooordinff 
to  its  age,  we  distinguish  in  it  two  parts  :  namely,  an  intemid 
portion,  in  which  the  wood-cells  and  vessels  have  thickened 
walls,  are  impervious  to  fluids,  hard  in  texture,  of  a  dry  nature, 
and  commonly  more  or  less  coloured,  which  is  called  the  Ihira- 
men  or  Heart-wood  ;  and  an  outer  portion,  in  which  the  wcxkI- 
cells  and  vessels  have  thin  sides,  are  pervious  to,  and  full  of  sap, 
soft  in  texture,  and  pale  or  colourless,  to  which  the  name  of 
Alburnum  or  Sap-^ioood  is  given. 

Age  of  Rxogemous  Trees. — As  each  zone  of  wood  in  a»  Exoge- 
nous stem  is  produced  annually,  it  should  follow  that  by  counting 
the  number  of  asones  in  a  transverse  section  of  a  tree  presenting 
this  structure,  we  ought  to  be  able  to  ascertain  its  age,  and  this 
is  true  with  a  few  exceptions,  when  such  trees  are  natives  of  cold 
climates,  because  in  ueae,  as  we  have  seen,  the  annual  zones 
are  uaoaJly  distinctly  marked.  In  Exogenous  trees,  however,  of 
warm  climates  it  is  generally  difficult,  and  frequently  impossible, 
to  ascertain  their  age  in  this  manner,  in  consequence  of  several 
disturbing  causes  :  thus,  in  the  first  place,  the  zones  ape  by  no 
means  so  well  defined ;  secondly,  more  than  one  zone  may  be 
formed  in  a  year ;  thirdly,  some  trees,  such  as  Zamias  and  the 
CyeaSj  only  produce  one  zone  as  the  growth  of  several  years  ; 
fourthly,  some  plants,  as  certain  species  of  Cactiy  never  form 
^"""<^  zones,  but  the  wood,  whatever  its  age,  only  appears  as 
a  uniform  mass  ;  while  lastly,  in  some,  such  as  Givaiacum^  the 
zones  are  not  only  indistinct,  but  very  irregular  in  their  growth. 

It  is  commonly  stated  that  the  age  of  a  tree  may  not  only  be 
ascertained  bv  counting  the  annual  zones  in  a  transverse  section 
of  ike  wood,  but  that  the  mere  inspection  of  a  fragment  of  the 
wood  of  a  tree  of  which  the  diameter  is  known,  will  also  afford 
data  by  which  the  age  may  be  ascertained.  The  manner  of  pro- 
ceeding in  such  a  case  is  as  follows  : — Divide  half  the  diameter 
of  the  tree  divested  of  its  bark  by  the  diameter  of  the  fragment, 
and  then  having  ascertained  the  number  of  zones  in  that  frag- 
ment, multiply  this  number  by  the  quotient  previously  obtained. 
Thus,  suppose  the  diameter  of  the  fragment  to  be  two  inches, 
and  that  of  half  the  diameter  of  the  wood  twenty  inches  ;  then 
if  there  are  eight  zones  in  the  fragment,  by  multiplying  this 
number  by  ten,  the  quotient  resulting  from  the  division  of  half 
the  diameter  of  the  tree  by  that  of  the  fragment,  we  shall  get 
eighty  years  as  the  supposed  age.  Now,  if  the  thickness  of  the 
zones  was  the  same  on  both  sides  of  the  tree,  and  the  pith  conse- 
quently central,  such  a  result  would  be  perfectly  acciurate,  but  it 
happens  from  various  causes,  as  already  noticed  ^age  80),  that  the 
zones  are  frequently  much  thicker  on  one  side  than  on  the  other, 
and  the  taking  therefore  of  a  piece  from  either  side  indifferently 
would  lead  to  very  vaiying  roBulta.    A  better  way  to  calcu\atQ 
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the  age  of  a  tree  by  the  inspection  of  a  fragment  is  to  make  two 
notches,  or  remove  two  pieces  from  its  two  opposite  sides,  and  then 
having  ascertained  the  number  of  zones  in  each,  take  the  mean  of 
that  number,  and  proceed  as  in  the  former  case.  Thus,  suppose 
two  inches,  as  before,  removed  from  the  two  opposite  sides  of  a 
tree,  and  that  in  one  we  have  eight  zones,  and  in  the  other  twelve, 
we  have  ten  zones  as  the  mean  of  the  two.  If  we  now  divide,  as 
before,  half  the  •  diameter,  twenty  inches,  by  two,  and  multiply 
the  quotient  ten  which  results,  by  ten,  the  mean  of  the  number 
of  zones  in  the  two  notches,  we  get  one  hundred  years  as  the 
age  of  the  plant  under  consideration.  Such  a  rule  in  many 
cases  will  no  doubt  furnish  a  result  tolerably  correct,  but  even 
this  will  frequently  lead  to  error,  from  the  varying  thickness  of 
the  annual  zones  produced  by  a  tree  at  different  periods  of  its  age. 

Dr.  lindley  believed  that  DeCandoUe  and  others,  in  calcnlat- 
ing  the  ages  of  different  trees,  had  been  led  into  error  by  not 
sufficiently  taking  into  account  the  variations  in  the  growth  of 
the  amiual  zones  at  different  periods  of  their  age,  and  their 
varying  thickness  on  the  two  sides  ;  and,  when  we  consider 
that  nome  trees  were  estimated  by  DeOandolle  to  be  more 
than  5000  years  of  age,  we  cannot  but  believe  that  such  cal- 
culations give  an  exaggerated  result.  But  however  erroneous 
they  may  have  been,  still  there  can  be  no  doubt  but  that  Exoge- 
nous trees  do  live  to  a  great  age  ;  in  fact,  when  we  consider  that 
the  new  zones  of  wood  are  developed  from  the  cambium  cells 
which  are  placed  on  the  outside  of  the  previous  zones,  and  that 
it  is  in  these  new  layers  that  all  the  active  functions  of  the  plant 
are  carried  on,  there  can  be,  under  ordinary  circumstances,  no 
real  limit  to  their  age.  Mohl  believes  that  there  is  a  limit  to 
the  age  of  all  trees,  arising  from  the  increasing  difficulty  of  con- 
veying the  proper  amount  of  nourishment  to  the  growing  point, 
as  the  stem  elongates  from  year  to  year.  We  cannot  however 
attach  much  importance  to  this  opinion,  because  some  trees,  as 
the  Seqiwia  (Weliingtotiia)  gufantea,  exist  in  California  as  much 
as  450  feet  in  height,  and  species  of  Eiicalyptus  may  also  be 
found  in  Australia  which  have  reached  nearly  or  quite  the 
same  height. 

The  following  table  is  given  by  Lindley  of  the  a^  of  some 
trees,  all  of  which,  he  states,  can  be  proved  historicaUy  : — 

An  Ivy  near  Montpellier      ....     433  years. 
Lime  trees  near  Freiburg     ....  1230 
,,  ,,     Neustadt     ....     800 

Larch 576 

Cedars,  on  Mount  Lebanon  .  6 — 800 

Oaks at  least  1000 

There  can  be  no  doubt,  therefore,  but  that  such  trees  will 
live  beyond   the   above  periods.      Other  trees,  such  as  the 
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f^qnoiaf  Tew,  and  Olive,  may  be  added  to  the  above  list ;  thus, 
it  is  probable  that  the  former  will  live  at  least  3000  years  ;  and 
it  seams  certain  that  the  Yew  will  attain  the  age  of  1200  years, 
and  the  Olive  at  least  800  years. 

Size  ofExngemms  Trees, — As  there  is  no  assignable  limit  to  the 
age  of  exogenous  trees  in  consequence  of  their  mode  of  growth,  so 
in  like  manner  the  same  circumstance  leads,  in  many  caHes,  to 
their  attaining  a  great  size.  Thus  the  Sequoia  gigantea  has  been 
measored  110  feet  in  circumference  at  the  base  ;  the  Clientnut 
tree  (Oojtonea  veeea)  of  Mount  Etna  is  180  feet  in  circumference  ; 
a  Plane  tree  (PlatoHue  orierUtUii)  near  Constantinople  is  150  feet 
in  circumference ;  the  Ceiba  tree  {Bombax  pepUatydnim)  is  said 
to  be  sometimes  so  large  that  it  takes  6fteen  men  with  their 
arms  extended  to  embrace  it ;  even  Oaks  in  this  country  have 
been  known  to  measure  more  than  50  feet  in  circumference  ;  and 
many  other  remarkable  examples  might  be  given  of  exogenous 
trees  attaining  to  an  enormous  size,  which  circumstance  iM  of 
itself  also  an  evidence  of  their  great  age. 

4.  Cambium-layer  or  Cambium  (Jigs.  178,  c,  and  180,  A,  B,  e). 
— On  the  outside  of  each  annual  zone  of  wood,  as  we  have  already 
seen,  a  layer  of  vitally  active  cells  is  placed,  to  which  the  nanie 
of  eambium'layer  or  cambium  has  been  given.  It  is  from  these 
cambium  cells  that  the  new  layers  of  wood  and  bark  are  formed, 
and  from  the  fact  of  the  cambium-layer  being  situated  between 
the  xylem  and  the  phlodm  of  the  indefinite  vascular  bundles  of 
which  Exogenous  stems  are  composed,  that  these  bundles  owe 
their  continuity  and  unlimited  power  of  increase.  The  cells  com- 
posing the  cambium-layer  are  of  a  very  delicate  nature,  and  consist 
of  a  thin  wall  of  cellulose,  containing  a  nucleus,  abundance  of  pro- 
toplasm and  watery  cell-sap ;  in  fact  they  contain  all  the  sub- 
stances which  are  present  in  young  growing  cells.  These  celht, 
from  their  becommg  changed  into  the  matured  woody  tissues 
and  bark,  were  called  canHnum-ceUSf  hence  the  origin  of  the 
names  caminum  and  cambium-layer  applied  to  this  portion  of 
the  stem.  This  layer  is  dormant  during  the  winter,  at  which 
time  the  bark  is  firmly  attached  to  the  wood  beneath,  but  it  is  in 
full  activity  in  the  spring,  when  it  becomes  charged  with  the 
materials  necessary  for  the  development  of  new  structures,  and 
then  the  bark  may  be  readily  separated  from  the  wood  beneath, 
but  such  separation  can  only  be  effected  by  the  rupture  of  the 
cells  of  which  it  is  composed. 

6.  MedisUary  Bays, — We  have  already  seen  that  at  first  the 
stem  consists  entirely  of  parenchyma,  but  that  in  a  short  time 
woody  portions  are  developed,  by  which  this  parenchyma  be- 
comes separated  into  two  regions — an  internal  or  pith,  and  an 
external  or  bark  ;  the  separation  however  not  being  complete, 
but  the  two  being  connected  by  tissue  of  the  same  nature  as 
themselves,  to  which  the  name  of  medullary  rays  has  been  ap- 
plied {figs.  172,  b,  and  177,  r), 

q2 
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The  cells  forming  these  mednllorf  ikjb  ue  in  their  origin 
identical  with  thoae  of  the  pith,  beim  part  of  the  fundajnental 
tiwue  of  the  stetu  (page  76) ;  but,  unlike  the  oella  of  the  pith, 
which  remain  of  a  more  or  baa  rounded  form,  they  »re  flattened 
{fiy.  Gl,  and  160,  B,  i,  i),  owing  to  the  prenure  which  tha 
neighbouring  wedgm  of  the  fibro-Taacular  bnndlee  have  ex- 
erted upon  them.  Aa  new  lajen  of  wood  are  formed  in  rac- 
ceaiive  years,  new  additions  are  made  to  the  ends  <jt  the  me- 
dullary Tttya,  eo  that,  however  large  the  space  between  the 
pith  and  the  bark  ultimately  becomei,  the  two  are  aiwayt  kept 
in  connection  by  their  mean«.  Beaidea  the  medullary  rays 
which  thus  extend  throughout  the  entire  thickness  of  the  wood, 
others  are  alao  commonly  developed  between  them  in  each  mic- 
ceeding  year,  which  extend  from  the  zones  of  those  J 


fill.  IK.  Tnuanite  HsUon  of  >  porUan  at  the  nam  of  tin  Cork-« 
(OuriTiu  Stirrr),  lour  yean  old.  n.  Pith.  1,  Hednllur  ny  of  the  On 
>«r'i RTowlb.  3,S,<,  HaliilluynyagfHODwlTeysin.  ^.  Uberu 
Mivophlui£m.    I.  Corkj  Uyen-— — Ftff.  164.  Sor^cv  ot  the  Bteu  of  »  Dl 

cutyledinniu  troe  from  which  the  hark  hii  been  nmoTed. rtu.  IS- 

Vertlul  eectlan  of  I  bruDh  of  On  comtcDn  Msple.  perpaodtcDlir  lo  U 
inBdulliry  mjt.    /I.Jt.  Fibro-mcuUi  Uiauii  fomilng  the  wood,    rm,  ni 


spectively  to  the  bark ;  theae  are  called  stcondnry  mednllary  raya. 
In  the  Cork-oak  both  kinds  may  be  well  seen  in  a  transverse 
section  (Jig.  182,  1,  2,  3,  4). 

The  medullary  rays  are  composed  of  flattened  aix-aided  cells, 
which  are  placed  one  above  the  other  in  one  or  more  rows,  tike 
the  bricks  in  a  wall,  hence  the  tissue  which  they  form  is  termed 
vmrifunn  paretuJiyma  {Jig.  161),  B,  i,  i  ;  aXiAJig.  91).  It  is  a 
yaxi<Ay  oUabjdar  parenchyma,  as  already  noticed  (page  4fi).  Tha 
tissue  formed  by  the  medullary  rays  is  rarely  continuous  from 
one  end  of  the  stem  to  the  other,  but  the  rays  are  generally  more 
or  less  interrupted  by  the  pasaoga  between  them  of  the  fibro- 
vascular  tissue  forming  the  wood,  ho  that  they  are  split  up  verti- 
cally into  a  number  of  distinct  portions  {fga.  183  and  184,  rm). 
This  arrangement  may  be  observed  by  examining  tha  surface  of  a 
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■tam  from  wfaich  ttie  bark  luw  Dem  removed  {fig.  183),  or  itill 
better  by  rr"H"g  thin  1001101111  of  the  wood  perpendicul&r  to  the 
TBji, — tbatii  tutgaDtikltothecircumferenMof  tiieBteiu(^.  1S4). 
In  MNBa  itonu,  «aeh  as  thorn  of  the  •pecie«  of  ArMtiUidiia,  knd 
■IU117  plmnta  uf  the  nBturkl  order  Henupermaceee,  the  mednlUrjr 
raya  ue  Teiy  conspicuoua,  forming  large  plat«i  between  the 
wadgea  of  wood.  In  other  pUnti,  luch  m  the  Yew  and  Birch, 
they  are  cotDparatively  amall.  The  mednltuy  raya  conatitutu 
the  tUnr  gravn  of  cabinet-malt  era  and  carpenten,  aa  itis  to  their 
prmonee  that  many  wood*,  auch  at  the  Plane  and  Sycamore, 
owe  their  peculiar  liutre. 

6.  Tkt  Bark  or  Cortieal  Htutem.—'Tbe  bark  or  phloem  iaaitu- 
atad  on  the  uutaide  of  tlie  atem,  «unaundi»g  the  wood,  to 
which  it  ia  organically  connected  bj  mean*  of  tlie  medullary 
nye  and  camlMum-layer(ji9.  172,  c,  c).  When  the  atem  is 
liiat  formed  the  bark  ii  entirely  compoaed,  like  the  pith,  of 
parenchyma  or  fundamental  tiMue  (page  7B),  bat  a*  soon  aa  the 
wood  begiiH  to  be  developed  on  the  outaide  of  the  pith,  certain 
jella  which  lie  nearer  the  aurface  of  the  atttin  make  their  apjiear- 
ance,  which  develops  into  liher-cella.  Externally  to  these  lie 
other  parenchyma  ton  ■  cells,  the  inner  ones  of  which  form  the 
green  layer  of  the  bark,  whilit  the  outer  cells  become  developed 
into  the  cork  tiaaue,  and  theae  again  are  invested  by  a  fiiigle 
laver  of  oolourleaa  cella,  the  epidermia,  ao  that  the  bark,  when 
fn^ly  formed,  coiuiat*  of  two  distinct  Hyaten)a ;  namely,  an 
internal  or  fibro-vaiadar,  and 


IviM.    Fnrther,  the  parenchy- 
Rtatoui  «yit«m  olao  exhibits, 
in  all  planta  which  are  des- 
tined to  live  for  any  period,  a 
separation  into  two  portions  ; 
and  the  whole  ia  covered  e- 
temalty  by  the  apidermia  1 
ready  deacribed  (fig.  186,  o). 
The  f  nlly  developed  bark  ac- 
coniingly  presenta  three  dis- 
tinct layers,  in  addition  to  the 
epidermis,  which  ia  common 
to  it  and  the  other  external  a  J 
parta  of  plants.     The  three 
tayets   proper  to  the    bark 
are  called,  proceeding  from 
witiiin   ontwarda,     1.   Liber,   fig-  n 
/ttwr   Bark,  or   EndoplUoem      "" 
(fiS*.  ISD,  d,  and  180,  A,  B, 
f,  f);    2.    CtUular  Etn>dopr, 

Orten  Laytr,  or  Muopklogn^  (figi.  185,  c,  and  180,  g,  g) ;  and 
3.  SuJmtwm,  Gorky Layrr,  orSpip^loii»  {fy/».  186,  (»,OTi{I  ltW,K,KY 
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a.  The  Libera  Inner  Bark,  or  EiidopMo^m  (Jigs,  105,  dy  and 
180,  A,  B,/,  /). — This  is  composed  of  true  bast  tissue,  consistiog 
of  narrow  and  elongated  cells  with  thickened  and  flexible  walls, 
mixed  with  parenchymatous  tissue,  and  usually  laticiferous  vessels 
and  sieve-tubes.  The  general  character  and  nature  of  the  true 
bast,  or  as  it  is  commonly  called,  woody  tissue  of  the  liber,  has 
been  already  fully  described  (page  47).  The  liber-cells  of  which  it 
is  essentially  composed  are  either  placed  side  by  side  in  a  parallel 
direction,  and  thus  form  by  theii*  union  a  continuous  layer,  as  in 
the  Horsechestnut  tree  ;  or  far  more  frequently,  they  present  a 
wavy  outline,  and  only  touch  each  other  at  certain  points,  so  that 
numerous  interspaces  are  left  between  their  sides,  in  which  the 
medullary  rays  connecting  the  bark  and  the  pith  may  be  observed. 
From  this  circumstance  the  inner  bark  commonly  presents  a 
netted  appearance,  and  such  is  especially  the  case  in  that  of  the 
Lace-bark  tree  {Loffetta  lintearia)  of  Jamaica,  and  of  other 
plants  belonging  to  fiie  same  natural  order. 

b.  TKe  Cdhdar  Envelope^  Green  Layer^  or  MesophloHm  (Jigs, 
185,  c,  and  180,  ^,  g). — This  layer  lies  between  the  liber  and 
epiphlo^m,  and  hence  the  name  Meaophlo^mj  which  is  applied  to 
it.  It  is  connected  on  its  iimer  surface  with  the  medullary 
rays.  It  consists  of  thin-sided,  usually  angular  or  prismatic, 
parenchymatous  cells  (fig,  185,  c)  ;  these  are  loosely  connected, 
and  thus  leave  between  their  walls  a  number  of  interspaces. 
The  cells  of  which  it  is  composed  contain  an  abundance  of 
chlorophyll,  whicli  gives  the  green  colour  to  young  bark,  and 
hence  the  name  of  green  layer,  by  which  it  is  also  commonly  dis- 
tinguished. It  is  also  sometimes  known  under  the  name  of  phello- 
derma.  This  is  the  only  part  of  the  bark  which  usually  possessea 
a  green  colour.  In  this  layer  also,  as  in  the  liber,  we  generally 
find  some  laticiferous  vessels. 

c  tSubero^ts,  Corky  Layer,  or  EpiphloHm  (Jigs,  185,  6,  and 
180,  hf  /i).— ThiH  is  the  outer  layer  of  the  bark,  and  is  invested 
by  the  epidermis  (Jig.  185,  a).  It  has  also  received  the  name  of 
periderm ;  this  term  is,  however,  sometimes  used  to  indicate  the 
dead  portion  of  the  bark,  or  that  which  has  ceased  to  perform 
any  active  part  in  the  life  of  the  plant ;  which  is  commonly  the 
case,  as  we  shall  presently  see,  in  a  few  years  with  the  two  outer 
layers  (see  page  88).  In  this  sense  the  periderm  may  consist 
of  epiphloem  alone,  or  of  mesophloem  chiefly,  or  of  portions 
of  both,  or  even  in  some  cases  of  a  portion  of  the  liber  also. 
Those  botanists  who  adopt  this  nomenclature  commonly  apply 
the  term  derni  to  the  inner  living  portion  of  the  bark. 

The  Epiphloem  consists  of  one  or  more  layers  of  tabular 
cells  (Jig.  185,  6),  generally  elongated  more  or  less  in  a  hori- 
zontal direction,  and  which  in  most  cases  ultimately  become  dried 
up  and  filled  with  air,  and  forming  by  their  union  a  compact 
tissue,  or  one  without  interspaces.  It  is  this  layer  which  gives  to 
the  young  bark  of  trees  and  shrubs  their  peculiar  hues,  which 
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aie  generally  brownish  or  some  colour  approaching  to  this  ;  or 
■ometiines  it  poneues  more  vivid  tints.  It  ia  r&relT  coloured 
erem,  which  is  the  cue  in  yegMndu,  scoording  to  Gray,  from 
its  inner  cells  containing  chlurophj'll.  Id  some  plantH,  as  in 
the  CoA-ouk  i_fig.  182,  i),  this  Uyer  becomes  excewivuly  deve- 
loped and  fomifl  the  subctAnce  called  curt,  and  hence  the  name 
corky  or  tubennu  iaytr  which  is  frequently  applied  to  it.  Large 
devdopment*  of  cork  also  occur  on  some  other  trees,  as  various 
specie*  of  Elm  ( [7Itn>u  oloto,  rofonfua,  &c.).  It  commonly  hajv 
pens  that  the  celts  of  which  the  epiphloem  is  composed  have  not 
all  the  same  appearance  and  colour.  Thus  in  the  Cork-oak 
•ome  are  more  tabular  or  compressed  and  diarker-culoureil  than 
others  which  alternate  with  tnem,  so  that  the  whole  auberous 


"Sei^, 


layer  appears  to  be  subdivided  into  several  secondary  layers.  In 
the  Birch,  again,  this  distinction  into  layers  is  remarkably 
evident  (fig.  ISfi).  Here  a  number  of  layers  of  dark-coloured 
firmly  compacted  tabular  cells,  a,  a,  may  be  seen  alternating  with 
others  of  a  loose  nature  and  of  a  white  colour,  h,  h. 

On  the  young  bark  of  most  plants  may  be  observed  little 
bruwn,  generally  oval  projections,  which  have  been  called 
UidittU,  or  [enticu2ar  ^andf  from  their  snpposed  glandular 
nature  {fig.  187,  I,  I).  They  have,  however,  no  analogy  with 
glands,  but  are  merely  prolongations  externally  of  the  corky 
layer  or  epiphloi'm  of  the  bark. 

Orcncth  of  the  Bark. — The  bark  davelopei  in  an  opposite 
direction  to  that  of  the  wood,  for  while  the  tatter  increases  by 
»dditi<ms  to  its  outer  surface,  the  former  increases  by  additions 
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to  its  inner.  The  bark  is  therefore  strictly  endogenous  in  its 
growth  ;  while  the  wood  is  exogenous.  Each  layer  of  the  bark 
also  grows  separately  ;  thus  the  liber  by  the  addition  of  new 
matter  from  the  cambium-layer  on  its  inside ;  the  mesophloem  by 
the  deposition  of  cells  next  to  the  liber  ;  and  the  epiphloem  by 
intemid  additions  from  a  special  set  of  cells  termed  the  e&rk 
cantbium  or  pheUogen.  The  two  outer  layers,  which  together 
constitute  the  parenchymatous  system  of  the  bark,  generally 
cease  growing  after  a  few  years,  and  become  dead  structures  on 
the  surface  of  the  tree  ;  but  the  inner  bark  continues  to  grow 
throughout  the  life  of  the  individual,  by  the  addition  of  a  new 
layer  annually  on  its  inner  surface  from  the  cambium.  In  some 
trees  these  layers  may  be  readily  observed,  at  least  up  to  a  cer- 
tain period,  as  in  the  oak.  They  are  commonly  so  thin  when 
separated  that  they  appear  like  the  leaves  of  a  book,  and  hence 
the  supposed  origin  of  the  term  liber  applied  to  the  inner  bark. 
The  name  liber  is,  however,  sometimes  considered  to  be  derived 
from  the  inner  bark  of  trees  having  been  formerly  used  for  writ- 
ing upon.  This  distinction  of  the  liber  into  layers  is  generally 
soon  lost,  in  consequence  of  the  pressure  to  which  it  is  subjected 
from  the  growth  of  the  wood  beneath. 

The  outer  layers  of  the  bark,  after  a  certain  period  in  their 
life,  which  varies  in  different  plants,  generally  become  cracked 
in  various  directions  in  consequence  of  the  pressure  which 
is  exerted  upon  them  by  the  growth  of  the  wood  and  liber 
beneath,  and  thus  assume  a  rugged  appearance,  as  in  the  Elm 
and  Cork-oak.  In  some  trees,  as  the  Beech,  the  bark,  however, 
always  retains  its  smoothness,  which  circumstance  arises,  partly 
from  the  small  development  of  the  parenchymatous  layers,  and 
partly  from  their  great  distensibility.  Other  smooth-barked 
stems,  such  as  those  of  the  Holly  and  Ivy,  owe  their  peculi- 
arities in  this  respect  to  similar  causes.  When  the  bark  has 
thus  become  cracked  and  rugged,  it  is  commonly  thrown  off  in 
large  pieces,  or  iu  plates  or  layers  of  various  sizes  and 
appearances.  The  epidermis  in  all  cases  separates  early  from 
the  epiphloem,  by  which  it  is  replaced.  By  this  exfoliation 
and  peeling  off  of  portions  of  the  bark,  its  thickness  is  con- 
tinually diminished.  This  decaying  and  falling  away  of  the 
old  bark  does  not  in  any  way  injure  the  tree  ;  hence,  it  is 
evident  that  the  old  layers  of  the  bark,  like  the  inner  layers 
of  the  wood,  have  nothing  to  do  with  its  life  and  growth  after  a 
certain  period.  The  new  layers  of  wood,  the  cambium- layer, 
and  the  recently  formed  liber,  are  the  parts  of  an  exogenous 
stem  which  are  alone  concerned  in  its  active  development  and 
life. 

Having  now  described  the  diJQferent  parts  which  enter  into 
the  structure  of  an  Exogenous  or  Dicotyledonous  stem,  we  will, 
in  conclusion,  recapitulate  them,  and  place  them  in  a  tabular 
form  : — 
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1.  PUh  or  MediiUa,  belonging  to  the  parenchymatous  syntem. 

2.  Medullary  Sheath,  consiBting  of  spiral . 

These  belong  to  the 

3u  Woody  composed  of  interrupted  zones, 
one  of  which  is  developed  annually 
on  the  outside  of  the  previous  zones, 
and  consisting  ordinarily  in  perennial 
plants  of  wood-cells  and  pitted  vessels.  ^ 


fibro-vascularsys- 
tern,  and  together 
form  the  vfood 
{xylem)  properly 
so  called. 


4.  Medullary  Ray$,  composed  of  muriform  parenchyma  con- 

necting the  pith  and  the  bark. 

5.  CamhtHm  layer f  consisting  of  vitally  active  cells  containing 

protoplasm,  &c.  from  which  additions  are  made  annually  to 
the  wood  and  liber. 

6.  Hie  Bark,  composed  of  two  systems. 

1.  Imier  Barky  EndoMo^m,  or  Liber,  formed  essentially  (»f 

liber-cells,  and  thus  belonging  to  the  libro- vascular  sys- 
tem ;  and  increasing  by  the  annual  addition  of  a  new 
layer  on  its  inner  surface. 

2.  Outer  Bark,  composed  of  parenchyma,  and  hence  belong- 

ing to  the  parenchymatous  system,  and  consisting  of 

a.  Cellular  Envelope  or  Mewphlo^m,  composed  of  more  or 
less  angular  cells,  with  interspaces ;  and  giving  the 
green  colour  to  bark. 

6.  S^iberous  Layer  or  Epiphlo^m,  composed  of  flattened 
cells,  forming  a  compact  tissue,  and  giving  the  |>eculiar 
hues  to  the  young  bark. 

7.  The  Epidermis,  investing  the  bark  of  young  stems  and  replaced 

after  a  certain  age  by  the  epiphloem. 

B.  EimooENOus  or  Monocotylbdonous  Stem. — In  this  ctuni- 
try  we  have  no  indigenous  trees  or  large  shrubs  which  exhibit 
this  mode  of  growth,  although  we  have  numerous  herbaceous 
plants,  such  as  Grasses,  Rushes,  and  Sedges,  which  are  illustra- 
tions of  endogenous  structure.  In  our  gardens  again,  we  have 
various  kinds  of  Lilies,  Yuccas,  Tulips,  and  other  bulbous  plants, 
which  are  also  endogenous  in  their  growth.  But  it  is  in  the  warmer 
regions  of  the  globe,  and  e8|)ecially  in  the  tropics,  where  we  find 
the  most  striking  and  characteristic  illustrations  of  such  stems, 
and  of  all  such  the  Palms  are  by  far  the  most  remarkable.  The 
appearance  of  such  plants,  even  externally,  is  very  different 
from  that  of  Exogenous  trees,  for  the  stems  of  Palms  are  com- 
monly of  the  same  diameter  throughout,  being  uniformly  cylin- 
drical from  below  upwards,  instead  of  conical,  as  is  the  case  with 
them,  and  frequentfy  rise  to  the  height  of  150  feet  or  more,  cota- 
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nionly  without  branching,  but  crowned  »t  the  Bumniit  by  an 

en..nnoUB  tuft  of  leaves  Qg.  188,  1). 

IiUemal  Stnieture. — When  we  make  a  trsnsverae  BectioB  of  a 
Palm  Btem,  it  presents,  as  we  have  seen  (page  71),  no  such  aepa- 
ration  of  parts  into  pith,  wood,  mediiltaty  taya,  and  bark,  a*  we 
have  described  as  existing  in  an  Exogenous  stem  ;  but  the  fibro- 
vascular  system  is  seen  to  consist  of  bundles  (ji^i.  173,  /,  and 
189,  A,  b,  c,  d),  which  have  no  tendency  to  oollect  together  so 

Fio.  188. 


but  lo  ImllcaU'  Uis  lidglit. 

as  tofonu  zones  of  wood  as  in  Eiogenous  stems,  bat  are  arranged 
separately  from  one  another  in  the  mass  of  parenchymatous  ceUs 
(Jigt.  1T3,  m,  and  189,  A,  a),  of  which  the  ground  substance  or 
fundamental  tissue  is  composed.  The  whole  is  covered  ext«mallf 
by  a  fibrouH  and  parenchymatous  layer,  which  is  called  the  faiit 
bark  oiriiui  {fig.  173,  b);  because  this  is  not  a  distinct  sad  j«ial- 
lel  formation  to  the  wood,  as  is  the  case  with  the  bwk  of  Exo- 
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genoQB  stenu,  but  ia  formed  euentiallj  hj  the  ends  uf  the 
vaacolar  bundle*,  m  will  be  preMntly  nutic«d,  and  cannot  there- 
fore be  »ep*r*ted  from  the  iuam  beneath. 

In  '"T'B*  or  herbaoeouB  EndojjenouB  stenu  the  parenchyina 
between  the  vuoular  bundles  U  soft  and  delicate,  but  in  trees 
vhioh  grow  to  any  height,  aa  Palms,  the  cell-waits  become 
hardenMl,  and  thus  form  what  has  been  termed  itixhIii  paren- 
Ayma,  which  ultimately  binds  the  original  separate  bundles  into 
a  aulid  hardened  maaa  Tesembling  wood. 

fill.  189. 


Origin  and  Orowth  of  tke  Koacufar  BttniiUt  — The  stnictlUV 
of  the  TaaculNT  biindles  thus  distr  buted  in  the  parenchyniatuus 
•yatera  haa  been  already  referred  to  under  the  name  of  deH  i  tr 
or  doted  vaacidar  bundle*  (page  7i)  but  wo  hate  still  to 
docnbe  their  origin  and  direction  through  the  stem  It  iras 
formerly  supposed  that  thne  bundles  aa  they  were  fniccessively 
developed,  were  at  tint  directed  towards  the  c«)tre  of  the  stem, 
and  continued  their  course  in  the  same  direction  towards  its 
b«Bd  H  aeen  in  Jig.  190,  a,  b,  i:,d  ;  the  last-formed  bundles 
being  the  moat  int«nial,  and  gradually  pushing  towards  the  cir- 
CBinfarMics  thosa  which  had  previously  been  developed.  Hence 
the  origja  of  ths  name  CTufogenoiu  tar  inaidc  gruwtT»,  applied  to 
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these  Rtenu.  The  reionrchea  of  Hohl  first  (hawed  thmt  tin 
Above  mcide  of  growth 
ma  not  correct,  but  thU 
the  foUowing  ja  that 
which  reallf  takes  plui : 
— the  TaacuUr  hnndlet 
hsTS  their  origin  in  the 
ptinctlim  vtgetatumii  of 
the  atem,  and  tm  fnllr 
developed  with  ita  gro  wu 
upwarda  and  outwMdl 
into  the  leavea,  and 
downwards  and  outwarda 
towardi  the  cironmfe- 
rence  of  the  atem.  In 
other  wordi,  to  render 
it  more  aimple,  the  bnn- 
dlet  nuy  be  tnced  to  the 
lenvea,  fruin  which  or- 
gana  the;  are  at  firat  di- 
rected towuda  the  in- 
terior of  the  atem  (Jiy, 
191,  a,  b,  c,  d),  along 
which  tJte J  descend  gene- 
rallj  fur  aome  diaUtnee, 
and  then  graduallj'atirTe 
;g  outwards  se&in  and  ter- 
minate tX  &e  circumfe- 
rence, or  in  young  stems 
some  of  thetn  would  reach  the  roots.  When  we  make  a  ver- 
tical section  therefore  of  an  Endogenotisstem,  we  find  these  vaa- 
cuUr  biindlee  interaecting  each  other  in  various  waya  as  ahown 
in^.  192. 

The  vascular  bundles  in  their  course  down  the  stem  generally 
become  more  attenuated,  which  circumatance  arises  from  oert&in 
dlfferencBB  which  take  place  in  their  structure  as  they  descend. 
Thus  when  they  firnt  originate  they  conaiit,  as  we  have  seen  (see 
p.  73),  of  spiral,  pitted,  and  other  vessels,  mixed  with  paren- 
chymatous and  woody  tissues  (fig.  169,  B,  b,  e,  iT).  In  their 
descent  they  gradually  lose  their  spiral  and  other  vessels,  so  that 
when  they  terminate  at  the  circumference  they  consist  chiefly  erf 
liber-cells  bound  together  by  parenchyma.  The  ri>uJ  or^^ii^  hark 
(fig.  173,  h)  of  Endogenous  stemH  is  thus  chiefly  formed  of  the 
ends  of  the  vascular  bundles  which  originate  in  the  leaves,  and 
hence  we  see  the  principal  reason  why  this  rind  cannot  be  sepa- 
rated, as  the  bark  of  Exogenous  stems,  from  the  tissues  benewth. 
It  follows  from  the  mode  of  growth  of  the  vascular  bun- 
dles, as  indicated  above,  that  the  term  eudogenoiu,  commonly 
applied  to  such  stems,  is  not  altogether  correct,  as  the  bundlea 
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Are  only  endoflenoiis  for  a  portion  of  their  course,  terminating 
as  they  do  ultimately  at  the  circumference.  On  thiA  account  the 
name  endogenous  has  been  altogether  discarded  of  late  years  by 
many  botaniatSy  who  use  instead  that  of  nunuKotyUdotums,  a 
term,  aa  already  noticed  (page  74),  derived  from  the  fact  that 
the  embryo  of  plants  which  possess  such  stems  has  but  one 
cotyledon.  In  this  volume  we  have  employed  both  terms,  but 
more  frequently  that  of  endogenous,  because  this  is  the  one  by 
which  such  stems  have  been  Imown  for  a  long  period,  and  is  tliat 
therefore  which  is  best  understood. 

Aa  the  vascular  bundles  of  an  endogenous  stem,  in  the  course 
of  their  successive  development,   are  always  directed  at  tiist 
towards  the  centre,  it  must  necessarily  follow  that  those  pre- 
viously formed  will  be  gradually  pushed  outwards,  for  wliich 
reason  the  outer  part  of  a  transverse  section  will  always  exhibit 
a  doaer  aggregation  of  bundles  than  the  inside  (Jigtt.  173,  /,  and 
1^9,  A,  6,  c,  d).     In  such  stems,  therefore,  the  hardest  part  is  on 
the  outside,  and  the  softest  inside,  directly  the  reverse  (»f  what 
oocura  in  those  of  exogenous  growth.     The  lower  portion  of 
such  stems  also,  in  consequence  of  the  descent  of  the  vascular 
bundles,  the  elements  of  which  become,  moreover,  more  or  lesH 
thickened  in  their  interior,  will  be  harder  than  the  upper.     The 
rind  in  like  manner,  at  the  lower  part,  wiU  become  harder, 
from  tbe  greater  number  of  liber-cells  which  terminate  in  it.     As 
endogenous  stems  increase  in  diameter,  partly  by  the  deposit  of 
vBSGiiuar  bundles  in  their  interior,  and  partly  by  the  general 
development  of  the  parenchymatous  tissue  in  which  they  are 
placed,  it  follows  that  as  soon  as  the  rind  has  become  thus 
hardened  by  the  liber-cells,  and  other  causes,  it  is  not  capable  of 
further  distension,  and  the  stem  will  consequently  bedome  at 
lenpth  choked  up  by  the  bundles  which  continue  to  dencend, 
and  further  growth  is  then  impossible.     It  is  evident,  there- 
fore, that  endogenous  stems,  unlike  those  of  exogenous  growth, 
cannot  increase  in  diameter  beyond  a  certain  limit,  and  that 
from  the  same  causes  also  they  cannot  live  beyond  a  certain  age. 
Although,  as  a  general  rule,  the  stems  of  Palms  and  most 
other  Monocotyledonous  plants  are  thus  limited  in  size  and  life, 
there  are  some  remarkable  exceptions  to  this,  as  for  instance  in 
Yuecasy  and  the  Dmatncu  or  Dragon-trees  (Jig,  193)  ;  in  these 
the  rind  is  always  soft  and  capable  of  distension,  and  the  vascu- 
lar bundles,  after  having  reached  it,  are  continued  downwards 
as  fibrous  layers  between  it  and  the  original  vascular  bundleri, 
and  thus  form  a  sort  of  wood  beneath,  in  successive  layers, 
somewhat  after  the  manner  that  layers  of  wood  are  produced  by 
the  cambium-layer  of  an  exogenous  stem.     Such  endogenous 
stems,  like  those  of  exogenous  growth,  have  necessarily  no  limit 
either  to  their  size  or  age. 

It  is  in  consequence  of  the  comparatively  small  increase  in 
diameter  which  most  endqgeDouir  Btenu  undeigo  alter  they  \ia\« 
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arrived  at  &  certain  age,  that  twining  plants  which  encircle  them 
after  that  periud  has  arrired  do  them  no  injniy,  frequently 
not  even  producing  the  alighteet  swelling  on  their  ■nrface  ; 
thus  proving  inconteatab);  that  inch  stems  do  not  increaBe  in 
diameter  aner  a  certain  age.  The  effect  of  such  climbers  ia 
well  aeen  in  fig.  195.  If  we  compare  this  figure  with  that  of  an 
exogenous  stem  ijjg.  IM),  with  a  woody  twining  plant  encircling 
it,  we  find  a  striking  difference  ;  for  here  we  observe  eztennve 
BWellings  produced,  which  exhibit  a  corresponding  increaM  of 
the  diameter  uf  the  stem.  Such  a  comparison  ahowa,  in  a  very 
striking  and  conclusive  manner,  the  characteristic  peculiaritiM  ix 
the  growth  of  exogenous  and  endogenous  stems. 


Fio.  193. 


Fto.  les.' 


Orotnth  hy  Terminal  Buds. — In  Palms,  as  we  have  seen  (Jig. 
188,  1),  and  commonly  in  other  HonocotyledonouB  plants,  there 
are  no  branches,  tlie  st«ma  of  such  plants  having  no  power  of 
forming  lateral  buds,  from  which  branches  can  alone  be  pro- 
duced. These  plants  therefore  grow  simply  by  the  develop- 
ment of  a  terminal  bud,  which  when  it  unfolds  crowns  the  sum- 
mit  with  a  tuft  uf  foliage.  Endogenous  stems  are  therefore  in 
this  respect  exposed  throughout  their  whole  length  to,  as  far  m 
possible,  the  same  influences  as  regards  their  increase  in  dia- 
meter, and  we  find  accordingly,  that  as  a  rule,  such  stems  are 
almost  uniformily  cylindrical  from  below  upwards,  being  of  the 
same  diameter  throughout  (fig.  188,  1).  In  such  plants,  there- 
fore, the  destruction  of  the  terminal  bnd  necessarily  leads  to 
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their  death,  u  they  u«  then  deprived  of  all  furUier  mode  of 
increaBe.  In  mime  EndogenonR  treei,  however,  more  than  one 
bod  ia  dereloped  ;  tbus  in  the  Doum  Palm  of  Eaypt  two  buds 
tn  formed,  to  that  the  item  ia  forked  above  (fly.  196) ;  each 
biuieh  again  developes  two  other  bnda  at  itsapeiinlike  manner, 
and  thia  mode  of  growth  is  continued  with  the  Hncceaaive  branchex, 
which  are  therefore  alno  forked.  In  other  Monocotyledonoua 
plants  we  have  lateral  buds  formed  as  in  thone  of  Dicoty- 
ledons ;  thus  this  is  the  case  in  the  Asparagus,  the  Screw  Fine 
{fig.  188,  2),  and  the  Draoenas  (Jig.  193) ;  and  as  the  lower  part 
of  such  stems  receives  more  vascular  bundles  than  the  ujjper 
they  are  necesaarily  larger  in  their  diameter  at  that  part,  and 
thus  these  stems  are  conical  or  taper  upwards  like  those  of 
Dicotyledonous  plants. 

Flo.  196, 


/V-  IM.  Tl»  D«am  Palm  of  Egrpt  (/'»>*«<  IMalcii),  •howing 


Anomaloiu  Struelurt  of  Eniiogenout  or  Moiioeolyledimiiut 
Stemt. — Soma  Honoootyledonous  stems  present  an  anomalous 
structure ;  thus  in  most  Grasses  the  stem  is  hollow  (fig.  197,  a), 
except  at  the  points,  b  (nodes),  where  the  leaves  arise,  at  which 
puts  solid  partitions  are  formed  across  the  cavity,  by  which  it  is 
divided  into  a  number  of  separate  portions.  Such  stems  when 
examined  at  theirfirst  development  presentthe  usual  Endogenous 
stmctoie,  but  in  consequence  of  their  growth  in  diameter  taking 
idace  more  r^idly  thui  new  matter  can  be  deposited  in  their 
Ulterior,  the  central  tissue  become*  ruptured,  and  they  soon 
become  hollow. 

In  the  stems  of  tome  other  Monoootylndannnii  pli^nta  na  Viy^ 
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a  more  striking  deviatioQ  from  the  ordinary  structure.  Thn* 
the  apcciea  of  S&rsBparilla  and  Bom«  allied  plants  have  aerial 
stems  which  are  atrictly  endogenous  in  structure,  and  under- 
ground stems  which  have  the  vascular  bundles  arranged  in  on* 
{Jig.  198,  e)  or  rarely  two  zones  around  a  central  parenchyma, 
/,  like  Uie  wood  about  the  pith  of  an  Bxogenous  stem  :  snch 
vsscuUr  bundles  have,  however,  no  cambium-layer  like  thoM 
which  form  the  zones  of  aa  Exogenous  stem,  and  have  conse- 
quently no  power  of  indefinite  increase  like  them. 

Age  of  Endogenoiu  or  MonocotyUdtmout  Trvta.  —  There  ii 
nothing  in  the  internal  structure  of  Endogenous  stems  by  which 
we  can  ascertain  the  age  of  Monocotyledonous  trees  as  we  can 
those  of  Exogenous  structure.  It  is  supposed  that  the  age  of  a  Palm 
tree  is  indicated  by  the  annular  scars  (fg.  188,  1)  which  are  pro- 
duccd  on  the  external  surface  of  its  stem  by  the  fall  of  the  terminal 
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tufta  of  leaves,  for  as  one  tuft  only  is  commonly  produced  an- 
nually, each  ring  marks  a  year's  growth,  and  hence  the  number 
of  scars  corresponds  to  the  number  of  years  the  tree  has  lived. 
Although  it  b  true  that  in  some  few  esses  such  a  rule  may 
enable  ns  to  ascertain  the  age  of  a  Palm,  and  probably  alao 
uf  some  other  Monocotyledonous  trees,  not  the  slightest  de- 
pendence can  be  placed  upon  it  in  any  particular  instance, 
for  there  are  frequently  several  rings  produced  on  the  stems  of 
Monocotyledonous  plants  in  one  year,  and  these  again  often 
disappear  after  having  existed  for  a  certain  period.  The 
best  means  of  ascertaining  the  age  of  Palms  is  by  noting  their 
increase  in  height  in  any  one  gear's  growth,  and  then,  as  such 
stems  grow  almost  uniformly  in  successive  yean,  by  knowing 
their  height  we  can  determine  their  age.  This  mode,  however, 
of  calculating  their  age  is  very  liable  to  error,  and  can  be  moreover 
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bnt  of  limited  application  from  the  absence  of  data  to  work  ui>on  ; 
hence  we  moat  come  to  the  conclusion  that  at  present  we  )K>sse8s 
no  certain  means  of  determining  the  age  of  Monocotyleuonous 
plants. 

C.  AcBOOESous  OB  AcxxTYLEDONous  Stem. — The  simi>le8t 
form  of  stem  presented  by  Acotyledonous  plants  is  that  of 
Liverworts  {figs.  6  and  7),  and  Mosses  {Jigs.  8  and  9).  In  such 
a  stem  we  have  no  vessels,  but  the  whole  is  composed  of  ordi- 
naxy  parenchyma,  with  occasionally  a  central  cord  of  slightly 
elongi^ed  cells  with  somewhat  thickened  walls.  In  the  stems 
of  Club-mosses  (Lycopodiacea)  (fig,  10),  Pepperworts  {Marsi- 
Uaeese)y  and  Horse-tails  (Equiaetacea)  (fig,  11),  we  have  the 
simplest  forms  of  Acrogenous  stems  which  contain  the  peculiar 
Tsscular  bundles  (simuUaneousjj  which  are  their  especial  charac- 
teristics. The  composition  of  these  vascular  bundles  and  their 
mode  of  growth  have  been  already  described  (see  page  73).  The 
vessels  found  in  the  vascular  bimdles  of  the  LycojKHliaceas  are 
ipiral,  and  in  those  of  the  Equisetaceae  annular.  All  Acotyle- 
donous stems  grow  by  additions  to  their  apex,  and  hence  the 
term  Acrogenous  or  summit  growers,  which  is  applied  to  them. 

In  the  Ferns  (FUices)  we  have  the  Acrogenous  stem  in  the 
highest  state  of  development.  The  Ferns  of  this  country  are  but 
insignificant  specimens  of  such  plants,  for  in  them  the  stem 
merely  runs  along  the  surface  of  the  ground,  or  burrows  beneath 
it,  sending  up  its  leaves,  or  fronds  as  they  are  commonly  called, 
into  the  air,  which  die  down  yearly  (fig.  12).  In  warm  regions, 
and  more  especially  in  the  tropics,  we  find  such  plants  much  more 
highly  developed.  Here  the  stem,  which  is  usually  called  the 
caudex  or  stipCf  rises  iuto  the  air  to  the  height  of  sometimes  as 
much  aa  forty  feet  (fig.  13),  and  bears  on  its  summit  a  tuft  of 
ht>nds.  In  their  general  appearance  externally  these  Tree-ferns 
have  great  resemblance  to  Monocotyledonous  trees,  not  only  in 
bearing  their  foliage  like  them  at  the  summit,  but  also  in  pro- 
ducing no  lateral  branches,  and  being  of  uniform  diameter  from 
near  their  base  to  their  apex.  The  outside  of  the  stem  of  a 
Fern  is  marked  with  a  number  of  scarsy  which  have  a  more  or 
less  rhomboidal  outline  (fig,  199).  The  surface  of  these  scars 
presents  little  hardened  projections,  c,  or  darker-coloured  spots, 
which  appearance  is  produced  by  the  rupture  of  the  vascular 
bundles  proceeding  to  the  leaves,  by  the  fall  of  which  organs 
the  scars  are  produced. 

Interned  Structure  of  Fern  Stems. — Upon  making  a  transverse 
section  of  a  Tree-fern  it  presents,  as  we  have  already  briefly 
noticed  (see  page  71),  the  following  parts : — On  the  outside  a  hard 
rind  (fig.  174,  e),  composed  of  dark-coloured  wood-cells  covered 
externally  by  parenchyma.  Within  this  we  find  a  mass  of  paren- 
chyma^  m,  the  cells  of  which  have  thin  waUs  ;  this  is  analogous  to 
the  pitii  of  Exogenous  stems.  In  old  stems  this  central  paren- 
chyma ia  destroyed^  so  that  the  stem  becomes  hollow.    To^*«rd& 
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the  outside  of  thiB  parenchyma,  and  just  within  the  rind,  we  Rnd 
the  so-called  wood  ;  this  coDsiits  of  simultsneoua  vascular  bundln 
arranged  in  the  form  of  plates,  which,  when  cut,  have  a  wavy 
outline,  v,  v,  r.  These  masses  of  wood  have  generally  opening* 
between  them,  by  means  iif  which  the  parenchyma  beneath  the 
rind  and  that  of  the  centre  of  the  stem  communicate  ;  but  in 
other  cases  these  woody  masses  or  plates  touch  each  other  at  their 
margins,  and  thus  form  a  continuous  circle  within  the  rind. 
These  masses,  as  already  noticed,  consist  of  simnltaneoua  tu- 
cnlar  bundle*,  the  vessels  of  which  are  chiefly  scalariform  in 
their  character  ;  these  are  situated  in  the  centre  of  the  bundles, 
where  they  may  be  readily  distinguished  by  their  pale  colonr 
(Jig.  174,  c,  V,  v).  External  to  them  are  usually  a  few  layers  of 
parenchymatous  cells,  which  contain  starch  in  the  winter,  and 
amongst  which  are  situate  some  wide  lattice-cells.  The  whole 
is  surrounded  by  a  single  layer  of  cells,  usually  more  or  less 
F[o.  199.  Fio.  2O0, 


lignified  and  dark -coloured,  and  forming  what  has  been  called 
the  bmidU-iiheath. 

OrovJtk  by  TermiMal  Sticis. — We  have  already  stated  that 
Tree-ferns  have  no  branches.  This  absence  of  branches  arises 
from  their  having,  like  Palms,  no  provision  for  lateral  buds  : 
hence  the  cylindrical  form  of  stem  which  is  common  to  them  as 
with  the  stems  generally  of  Monocotyledonous  plants.  For  the 
same  reason,  also,  they  are  rarely  of  great  diameter.  Some 
Ferns,  hnwever,  become  forked  at  their  apes  {fig.  200)  ;  which 
forking  is  produced  by  the  division  of  the  terminal  bud  into 
two,  from  each  of  which  a  branch  is  formed  (see  page  103).  But 
such  branches  are  very  different  from  those  of  exogenous  stems, 
which  are  produced  from  lateral  buds,  for,  as  thev  arise  simply 
from  the  splitting  of  one  bud  into  two,  the  diameter  of  the  two 
branches  combined  is  only  equal  lo  that  of  the  trunk,  and  in  all 
cases  where  the  stems  of  Acotyledonous  plants  branch,  the  dia- 
meter of  the  branches  combined  io  only  equal  to  that  of  the  axis 
from  whence  tbey  ore  derived.     Aft  Acoij\e&o'acn)&  «\«Tiia  (mi's 
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grow  by  the  development  of  a  terminal  bud,  the  destruction  of 
that  bud  neceaaarily  leads  to  their  death.  There  is  nothing  in 
the  internal  structure  or  external  appearance  of  such  stems  by 
which  we  can  ascertain  their  age. 

3.  Buns  AKD  RAMincATiON. — We  have  already  stated  (page 
70)  that  the  presence  of  leaves  and  leaf -buds  is  the  essential  char- 
acteriatic  by  which  a  stem  may  be  distinguished  from  a  root.  The 
leaves  will  be  treated  of  hereafter,  but  we  have  now  to  allude  to 
the  parts  of  the  stem  from  whence  they  arise,  and  to  describe  the 
nature  of  leaf-buds,  and  the  mode  in  which  branches  are  formed. 

Leaves  are  always  developed  at  regular  points  upon  the  sur- 
face of  the  stem,  which  are  called  7wdes  (Jig.  204,  c,  c,  c),  and 
the  intervals  between  them  are  termed  interiwdeSf  dj  d.  Generally 
the  arrangement  of  the  tissue  of  the  stem  at  the  nodes  is  some- 
what different  to  that  in  the  intemodes  ;  thus  at  a  node  it  ex- 
hibits a  more  or  less  contracted  or  interrupted  appearance,  which 
arises  from  a  portion  of  its  substance  being  given  off  to  enter 
into  the  structure  of  the  leaf.  This  appearance  is  most  evident 
in  those  cases  where  the  intemodes  are  clearly  developed,  and 
especially  if  under  such  circumstances  the  leaf  or  leaves  which 
arise  encircle  the  stem,  as  in  the  Bamboo  and  other  Grassed  ;  in 
such  plants  each  leaf  causes  the  formation  of  a  hardened  ring 
externally  (fig.  197,  h),  and  tlius  produces  the  appearance  of  a 
joint  or  articulation,  and  indeed,  in  some  cases,  the  stem  does 
readily  separate  into  distinct  portions  at  these  joints,  as  in  the 
common  Pink,  in  which  case  it  is  said  to  be  jointed  or  articulated, 

A.  Leaf-buds  or  Buds. — Under  ordinary  circumstances  we 
have  developed  in  the  axil  of  every  leaf  a  little  more  or  less  coni- 
cal body  called  a  leaf-bud,  or  simply  a  bud  (fig,  201,  a,  a).  In 
like  mann^,  the  apex  of  a  stem,  as  well  as  of  all  its  divisions  which 
are  capable  of  further  elongation,  is  also  terminated  by  a  similar 
bud  (fig.  203).  In  a  Dicotyledonous  plant  each  bud,  whether 
lateral  or  terminal,  is  produced  by  an  elongation  of  the  parenchy- 
matous system  of  the  stem  or  one  of  its  divisions,  and  consists 
at  first  of  a  minute  conical  central  parenchymatous  mass  (fig, 
202,  t),  which  is  connected  with  the  pith,  a  ;  around  this  spiral 
and  other  vessels  and  wood- cells  are  soon  developed,  also  in 
connection  with  similar  parts  of  the  wood,  6, 6 ;  and  on  the  outside 
of  these,  in  a  parenchymatous  mass  which  ultimately  becomes 
the  bark,  we  have  little  conical  cellular  projections  developed, 
which  are  the  rudimentary  leaves.  As  growth  proceeds  these 
parts  become  more  evident,  and  a  little  more  or  less  conical  body 
IS  ultimately  produced  at  the  apex  of  the  stem  or  branch  (fi^. 
203)  ;  or  laterally  in  the  axil  of  the  leaves,  c,  and  the  formation  of 
the  bud  is  completed.  In  like  manner  the  buds  of  Monocoty- 
ledonous  and  Acotyledonous  plants  are  connected  with  both  the 
parenchymatous  and  fibro- vascular  systems  of  their  stems. 

The  buds  of  temperate  and  cold  climates,  which  remain  dor- 
mant daring  the  wmter,  and  which  are  accordingly  exposed  to 
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all  its  rigoiiTB,  hayo  generally  certain  protective  organi  developed 
<m  their  outer  surface  in  the  form  of  modified  leavcH,  or  parta  of 
leaves,  which  are  commonly  called  scaiei.  These  are  lunally  of 
a  liardened  texture,  and  are  sometimee  covered  with  a,  reainoiit 
Hecretion,  as  in  the  Honechextnut  and  eeveral  species  of  Poplars ; 
or  with  a  dense  coating  of  soft  hairs  or  down,  as  in  some  Wiilows, 
Such  scales,  therefore,  by  interposing  between  the  tender  rndi- 

Fir..  201.  Fio.  202. 
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mentary  leaves  of  the  bud  and  the  air  a  thick  coating  of  matter 
which  is  a  bad  conductor  of  heat  and  insoltibte  in  water,  protect 
them  from  the  influence  of  external  circumstances,  by  which 
they  would  be  otherwise  injured,  or  even  destroyed.  Budsthus 
protected  are  sometimes  termed  $caly.  In  the  buds  of  tropical 
regions,  and  those  of  herbaceous  plants  growing  in  temperate 
climates  which  are  not  thus  exposed  to  the  influence  of  a  winter, 
such  protective  organs  would  be  useless,  and  are  accordingly 
absent,  and  hence  all  the  leaves  of  these  buds  are  nearly  of  tiie 
same  character.  Such  buds  are  called  ft«J:(d.  In  a  few  instances 
we  find  even  that  the  buds  of  perennial  plants  growing  in  cold 
climates,  and  which  are  exposed  during  the  winter,  are  naked 
iike  theme  oi  tivjpical  and  herbaceous  plants.     Snch  is  the  caw. 
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for  instaiioe,  with  the  Alder  Buckthorn  {Rhamnv4  Fratigula), 
and  Mome  species  of  Viburnum, 

These  protective  organs  of  the  bud  are  commonly,  as  we  have 
just  mentioned,  termed  sccdes,  but  they  have  also  received  the 
name  of  iegmerUa,  That  such  scales  are  really  only  modified 
leaves,  or  parts  of  leaves,  adapted  for  a  special  purpose,  is  proved 
not  only  by  their  position  with  regard  to  the  true  leaves,  but  alsn 
frr)m  the  gradual  transitional  states,  which  may  be  frequently 


Fig.  20n. 


Fu;.  201. 


Fig.  205. 


Jfiff.  308.  A  shoot  one  ]re*r  old  of  the  Honechestnnt,  with  terminal   bud. 

a.  Scar  produced  by  the  f allinff  off  of  the  bud-acales  of  the  previous  year. 

b,  b.  Scan  cansed  by  the  falling  off  of  the  petioles  of  the  leaves  of  the 

present  year,  with  buds,  c,  in  their  axils. Fig,  204.  Diagram  to  illns- 

trate  the  growth  of  the  shoot  from  the  bud.    e,  c.  c.  The  nodes  where  the 
leaves  are  situated,      d,  d.  The  intemode«  developed  between  them. — 
Fig.  905.  Shoot  of  the  Ulac  {Sffringa  vulgaris)^  showing  suppression  of 
the  terminal  bud,  and  two  lateral  buds  in  its  place. 

traced  from  them  to  the  ordinary  leaves  of  the  bud.  These 
scales  have  only  a  temporary  duration,  falling  off  as  soon  as  the 
growth  of  the  bud  commences  in  the  spring. 

The  bud,  as  we  have  seen,  contains  all  the  elements  of  a  stem 
or  branch  {fig.  202) ;  in  fact,  it  is  really  the  first  stage  in  the 
development  of  these  parts,  the  axis  being  here  so  short  that  the 
rudimentary  leaves  are  closely  packed  together,  and  thus  over- 
lap one  another.  When  growth  commences  in  the  spring,  or 
whenever  vegetation  is  reanimated,  the  intemodes  between 
the  leaves  become  developed  {firg.  204,  d,  d,  d),  and  these  there- 
fore become  separated  from  each  other,  c,c,c,  and  thus  the  stem 
or  branch  increases  in  length,  or  a  new  branch  is  formed.  In 
other  words,  the  leaves,  which  in  a  bud  state  overlap  one  another 
and  surround  a  growing  point  or  axis,  by  the  elongation  of  the 
intemodes  of  that  axis  become  separated  and  dispersed  over  a 
branch  or  an  elongation  of  the  stem,  much  in  the  same  way  as 
the  joints  of  a  telescope  become  separated  from  one  another  V>^ 
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lengths  of  tube  when  it  is  drawn  out.  The  branch,  therefore, 
like  the  bud  from  which  it  is  formed,  necessarily  contains  the 
same  parts  as  the  axis  upon  which  it  is  placed,  and  these  parts 
are  also  continuous  with  that  axis,  with  the  exception  of  the  pith, 
which,  although  orginally  continuous  in  the  bud  state,  nltimatdy 
becomes  separated  by  the  development  of  tissue  at  the  point 
where  the  branch  springs  from  the  axis.  But  when  a  branch 
becomes  broken  off  close  to  the  wood,  and  there  are  no  buds 
upon  it  to  continue  its  growth,  it  becomes  ultimately  enclosed  hy 
the  successive  annual  layers  of  wood,  and  thus  a  knot  is  formed. 

From  the  above  circumstances  it  follows  that  a  bud  resembles 
in  its  functions  the  embryo  from  which  growth  first  commenced, 
and  it  has  accordingly  been  termed  &  fixed  embryo.  There  is  this 
difference,  however,  between  them  : — a  bud  continues  the  in- 
dividual, while  the  embryo  continues  the  species.  A  stem  is 
therefore  really  made  up  of  a  number  of  similar  parts  or  buds, 
called  f)/it/fonj(,  which  are  developed  in  succession,  one  upon  the 
summit  of  the  other.  Hence,  by  the  development  of  a  terminal 
bud  the  stem  increases  in  height ;  and  by  those  situated  late- 
rally branches  are  produced.  A  tree  may  thus  be  considered 
as  a  compound  body,  formed  of  a  series  of  individuals  which  mu- 
tually assist  one  another,  and  benefit  the  whole  mass  to  which 
they  belong.  In  Dicotyledonous  trees,  which  form  lateral  or  axil- 
lary buds,  the  destruction  of  a  few  branches  is  of  no  consequence, 
as  they  are  soon  replaced  ;  but  in  Palms,  and  mosiother  Monoco- 
tyledonous  trees,  and  also  in  those  of  Acotyledons,  which  deve- 
lope  only  from  terminal  buds,  the  destruction  of  these  under  ordi- 
nary circumstances,  as  we  have  seen  (page  96),  leads  to  their  death. 

The  buds  or  similar  parts,  of  which  a  tree,  or  other  Dicotyle- 
donous plant,  may  thus  be  shown  to  be  made  up,  being  thus 
distinct  individuals,  as  it  were,  in  themselves,  are  also  capable 
of  being  separated  from  their  parents  and  attached  to  other  in- 
dividuals of  the  same,  or  even  of  nearly  allied  species  ;  or  a 
branch  with  one  or  more  buds  upon  it  may  be  bent  down  into 
the  earth  ( fig.  226).  The  operations  of  Budding,  Grafting,  and 
Layering  depend  for  their  success  upon  this  circumstance  ;  and 
in  some  plants  buds  naturally  separate  from  their  parents,  and 
produce  new  individuals.  These  operations  are  of  great  import- 
ance in  horticulture,  because  all  plants  raised  by  such  means  pro- 
pagate the  individval  pectdiarities  of  their  parents,  which  is 
not  the  case  with  those  raised  from  seed,  wluch  have  merely  a 
specific  identity. 

B.  Ramification  or  Branching.— In  the  same  way  as 
branches  are  produced  from  buds  placed  on  the  main  axis  or 
stem,  so  in  like  manner  from  the  axils  of  the  leaves  of  these  branches 
other  buds  and  branches  are  formed  ;  these  again  will  form  a 
third  series,  to  which  will  succeed  a  fourth,  fifth,  and  so  on. 
The  main  divisions  of  the  stem  are  called  branches,  while 
the  smaller  divisions  of  these   are   commonly  termed    twigs. 
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The  general  ananffement  and  modifications  to  which  these  are 
liable  are  oommomy  described  under  the  name  of  ram{/icatwn 
or  branchingy  which  may  be  defined  as  the  lateral  development 
of  »innilAr  partft.  Thus  the  divisions  of  a  stem  or  root  are 
branches ;  but  the  lateral  development  from  a  stem  of  leaves, 
or  other  dissimilar  parts,  such  as  hairs,  is  not  branching. 

There  are  two  principal  types  of  branching,  the  numopodial 
and  the  diehoiomoug.   Thus,  when  the  axis  continues  to  dev elope 


Fio.  206. 


Fig.  207. 


J\,  306.  Diagram  of  normal  or  tetie  dicfaotomoos  branching,  showing  the 
two  teanchet  eqoaDy  developed  in  a  forked  miuincr,  and  each  branch  di- 

▼IdfBg  in  ■oocwion  in  a  similar  way. Ftff.  307.  Diagrams  of  tympcKlial 

dichotomona  brandling.  A.  Boatryooid  or  HeUoold  diohotomy.  B. 
ddnal  or  Soorpioid  dichotomy.  In  A  the  left-hand  branches,  I,  /,  <,  of 
■itcwJTC  dichotomies  are  mnch  more  developed  than  the  right,  r,  r.  r,  r. 
In  B  tha  left-hand  brandiea,  /,  I,  and  those  of  the  right-hand,  r,  r,  are 
attecnately  more  Tigoroos  in  their  growth.    After  Baohs. 

in  an  upward  direction  by  a  terminal  bud  or  growing  point,  so 
as  to  form  a  ocnomon  foot  or  podium  for  the  branches,  which 
are  produced  from  below  upwards,  or  acropetally  from  lateral 
buda  {Jig,  201),  the  branching  is  called  matiopodiiU.  This 
ifly  with  rare  exceptions,  or  perhaps  the  universal  system  of 
Imnching  in  the  Angiospermia.  But  when  the  terminal  bud 
or  growing  point  bifurcates,  and  thus  produces  two  shoots,  so 
that  the  foot  or  podium  bears  two  branches  arranged  in  a  forked 
manner  (Jig.  206),  the  branching  is  termed  dichotomous.  This 
form  is  common  in  many  of  the  Cryptogam  ia  (Jig.  200). 

In  dichotomous  branching  we  have  also  two  forms,  one 
which  is  termed  trtie  or  normal  dichotomy^  in  which  the  two 
branches  continue  to  develope  equally  in  a  forked  manner — that 
isy  each  becomes  the  podium  of  a  new  dichotomy  (Jig.  206) ;  and 
a  second,  in  which  one  branch  grows  much  more  vigorously  than 
the  o^er,  when  it  is  called  sympodi<d  (Jig.  207,  A  and  B).  In 
this  latter  case^  owing  to  the  uDeqmd  i^rowth  of  the  brandke^) 
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the  podia  of  suocessive  bifurcations  form  an  axis  which  is  terme^l 
the  pseud-axis  or  sympodinm,  on  which  the  weaker  fork-branches 
or  bifurcations  appear  as  lateral  branches  (fig,  207,  A,  r,  r,  r,  r, 
and  B,  r,  I,  r,  2,  r).  This  branching  might  at  first  sight  be 
confounded  with  the  monopodial  form,  where  we  have  a  con- 
tinuous axis  giving  off  lateral  branches;  but  it  differs  in  the 
fact  that  here  the  apparent  primary  axis  consists  of  a  succession 
of  secondary  axes. 

In  sympodiai  branching,  again,  the  sympodium  may  be  either 
formed  of  the  fork-branches  of  the  same  side  (left  or  right)  of  suc- 
cessive dichotomies  (^.  207,  A,  /,  /,  Q  ;  or  it  may  consist  alter- 
nately of  the  left  and  right  fork-branches  or  bifurcations  {fi^, 
207,  B,  ly  Ty  I,  r).  In  the  former  case  it  is  called  helieoid  or 
bostrycoid  d'whotomy ;  in  the  latter,  scorpioid  or  cidnal dichotomy. 

Of  the  monopodial  branching  there  are  also  two  forms,  the  ra- 
cemose  and  the  cymose.  In  the  tirst  the  primary  axis  continues  to 
develope  upwards  and  gives  off  acropetally  lateral  branches  from 
axillary  buds ;  which  also  give  off  lateral  branches  in  a  similar 
manner ;  but  in  the  second  form  the  lateral  axes  at  an  early  age 
develope  much  more  vigorously  than  the  primary  axis  and  become 
more  branched  than  it.  It  is  in  this  way — that  in  some  plants,  by 
the  suppression  of  the  terminal  bud  and  the  subsequent  vigorous 
growth  of  the  closely  arranged  lateral  buds,  forming  two  shoots 
apparently  radiating  from  a  common  point,  as  if  caused  by  the 
division  of  the  terminal  bud,  as  in  true  dichotomous  branching, 
— an  apparent  but  false  dichotomy  is  produced,  which  is  called  a 
dichasium  or  /d/^  cyme.  This  suppression  of  the  terminal  bud 
may  occur  naturally,  as  in  the  Lilac  {fi^.  205),  or  accidentally 
from  frost  or  other  injury. 

These  modes  of  branching  will  be  more  especially  alluded  to 
under  the  head  of  Inflorescence,  in  which  their  more  practical 
application  arises. 

All  lateral  or  axillary  buds  are  called  regular  or  normcd,  and 
their  arrangement  in  such  cases  is  necessarily  the  same  as  that 
of  the  leaves.  Again,  as  branches  are  formed  from  buds  thus 
placed,  it  should  follow  that  their  arrangement  should  also  corre- 
spond to  that  of  the  leaves.  This  corresponding  symmetry,  how- 
ever, between  the  arrangement  of  the  branches  and  that  of  the 
leaves  is  interfered  with  from  various  causes.  Thus,  in  the  first 
place,  by  many  of  the  regular  buds  not  being  developed.  Secondly, 
by  the  development  of  other  buds  which  arise  irregularly  at 
various  other  points  than  the  axils  of  leaves  :  these  are  called 
from  their  abnormal  origin,  adventitious.  And,  thirdly,  by  the 
formation  of  a>ccessory  buds. 

1.  Non-developme^it  of  the  Beg^dar  Buds. — This  frequently 
takes  place  irregularly,  and  is  then  altogether  owing  to  local  or 
special  causes ;  thus,  want  of  light,  too  much  crowding,  or  bad 
soil,  may  cause  many  buds  to  become  abortive,  or  to  perish 
after  having  acquired  a  slight  development.     In  other  instanoes. 
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however,  this  non-development  of  the  buds  takes  place  in  the 
most  regular  manner ;  thus,  in  Firs,  where  the  leaves  are  very 
closely  arranged  in  a  spiral  manner,  the  branches,  instead  of 
presenting  a  similar  arrangement,  are  placed  in  circles  around 
the  axis,  at  distant  intervals.  This  arises  from  the  non-deve- 
lopment of  many  of  the  buds  of  the  leaves  forming  a  spire, 
which  is  followed  by  the  development  of  the  buds  in  the  axils  of 
other  leaves  successively ;  and  as  such  leaves  are  thickly  placed, 
we  are  nnable,  after  the  development  of  the  branches,  to  trace 
clearly  the  turns  of  the  spire,  so  that  they  appear  to  grow  in  a 

circle. 

Fio  208.  Fn;.  200. 


Fig.  808.  Leaf  of  BrfO}thyUum  ealpeinum  with  budg  on  iU  margins. /Vj/. 

SU9.  Bed  of  the  leaf  of  Malaxis  paludota,  with  buds,  6,  b,  on  it«  margiiiiS. 

2.  AdventUiaiisBtuU. — These  have  been  found  on  various  parts 
of  the  plant,  as  on  the  root,  the  woody  part  of  the  stem,  the  leaves, 
and  other  organs.  Tlius,  when  a  tree  is  poUardedy  that  is,  when 
the  main  branches  on  the  apex  of  the  stem  are  cut  ofif,  this  part  be- 
comes BO  charged  with  sap  that  a  multitude  of  adventitious  buds 
are  formed  from  which  branches  are  developed.  The  branches 
thus  produced  by  pollarding  are,  however,  to  a  certain  extent,  also 
caua^  by  the  development  of  regular  buds  which  had  become  la- 
tent from  some  cause  having  hitherto  interfered  with  their  growth. 

Ill  every  instance  the  adventitious  buds,  like  Fig.  2 10. 

the  normal  ones,  take  their  origin  from  paren- 
chymatous tissue.     Thus,  if  produced  on  the 
stem  or  branches  from  the  ends  of  the  medul- 
lary rays,  or  when  developed  on  the  margins  of 
leaves,  as  in  Malaxis  palndosa  {Jig.  209,  6,  6), 
and  Bryophyllum  calycinum  (fig.  208),  or  from 
tlie    surface  of  leaves,    as    in    Oniithogalum 
ihyrtaideiim  {fig.  210,  6,   />,  6).     Lieaves  thus 
bearing  buds  are  called  proliferous.     Such  buds  /-fj,.  210.  a  portion 
are    naturally   formed   on  the  leaves  of  the     of  the  loaf  of  or- 
above-named  plants,  and  occasionally  on  others ;     '^^^^'^"i^oX; 
but  they  may  also  be  produced  artificially  on     buds.  6.'  6,  6,  on 
various    leaves,   such    as    those    of    Gesnera,     it«  surface. 
Gloxinia,  and  Achimenes,  by  the  infliction  of  wounds,  and  then 
afterwards  placing  them  in  a  moist  soil  and  exposing  them  to  the 
other  influences  which  are  favourable  for  the  growth  oi  \iw\ia. 
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The  buds  developed  on  the  leaves,  in  auch  cases,  ultimately  foim 
independent  plants,  and  this  proceas  is  therefore  constantly  re- 
sorted to  by  gardeners  as  a  means  of  propagation.  Thexe  adven- 
titious buds  differ  from  those  commonly  produced  in  the  axil  of 
leave«,  or  at  least  from  those  which  remain  dormant  during  th« 
winter  ;  in  being  smaller,  and  having  no  external  protective 
organs  or  scales, 

Fio.211.  Fio,21-2. 


Fiff.iH.  Embryo  bud 

Embryo-Biidt.—ln  some  trees  the  adventitious  buds,  instead 
of  being  developed  on  the  outside  of  the  stem  or  branch,  are 
enclosed  in  the  bark  ;  such  have  been  called  end>ryo-budii  or 
embryo-iiodulea.  They  may  be  readily  observed  in  the  bark  of 
certain  trees,  such  bs  the  Cork-oak,  the  Beech,  and  the  Cedar  of 
Lebanon,  in  which  tiiey  produce  externally  little  swellings, 
which,  when  examined,  are  found  to  be  owing  to  the  presence 
of  these  nodules,  which  have  a  more  or  less  irregular  ovnii{Jig. 
211)  or  spheroidal  form,  and  woody  texture.  Upon  making  a 
transverse  or  vertical  section  of  one  of  them  (Jig.  212),  we 
observe  a  central  pith  surrounded  by  a  variable  number  of 
concentric  zones  of  wood  according  to  its  age,  aa  in  the  wood 
of  ordinary  trees,  and  traversed  by  medullary  rays  ;  in  fact,  it 
has  all  the  elements  of  organisation  found  in  the  branch  or 
stem  of  a  Dicotyledonous  tree.  In  the  course  of  their  develop- 
ment, these  embryo-buds  frequently  reach  the  wood,  with  the 
growth  of  which  IJiey  then  become  confounded,  and  thiia  form 
what  are  called  ktwha.  In  other  cases  a  number  of  nodoltf 
meeting  together  on  the  suiface  form  an  excrtsMtie*.  That  such 
nodules  are  analogous  to  buds  is  further  proved  by  the  fact  of 
their  sometimes  producing  a  short  branch  from  their  summit, 
as  in  the  Cedar  of  Lebanon  and  Olive.  Those  of  the  latter 
plant,  under  the  name  of  UovUi,  are  really  employed  for  its  pro- 
pagation. 

3.  Acctaory  BwU. — The  third  cause  of  irreKularity  in  the 
distribution  and  appearance  of  branches  arises  &om  the  multi- 
plication of  buds  in  the  axils  of  leaves.  Thus,  instead  of  one 
bud,  we  have  in  rare  caaes  two,  three,  or  more,  thus  situated 
ifigi.  213-215)  ;  such   are  called  aaxnory   bvdi.      These    buds 
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tnaj  be  either  placed  one  above  the  other,  or  side  by  side. 
Thua,  in  certain  Willows,  Poplars,  and  Maples,  we  have  three 
buds  placed  aide  by  side  (Jig.  213,  a),  which  frequently  give  rise 
to  a  corresponding  number  of  branches.  In  some  Aristolochias, 
in  Walnuts  {fig,  214,  6),  in  the  Tartarian  Honeysuckle  {fi^. 
21  b,  6),  and  other  plants,  the  accessory  buds  are  arranged  one 
above  the  other.  Sometimes  the  uppermost  bud  alone  developes 
(fig,  214,  6),  as  in  the  Walnut,  and  thus  the  branch  which  is 
formed  arises  above  the  axil  of  the  leaf,  in  which  case  it  is  said 
to  be  extntr^ixiUary,  In  the  Tartarian  Honeysuckle  (^.  215, 
b),  the  axillary  or  lowest  bud  is  that  which  forms  the  strongest 
branch,  over  which  a  number  of  smaller  branched  are  placed, 
arising  from  the  development  of  the  accessory  buds.     In  some 


Fig.  218. 


Fig.  214. 


Fig.  216. 


Fiff.  218.  Branch  of  a  species  of  Maplo  with  three  bnds, 

a,  placed  by  the  side  of  one  another. Fit;.  *214.  A, 

piece  of  a  branch  of  the  Walnat-tree.  p.  The  pe- 
tiole having  in  iu  axil  a  namber  of  buds,  6,  placed 
one  abore  the  other,  the  uppermost  most  developed. 

Fig.  215.   A  piece  of  a  branch  of  the  Tartarian 

Honeysackle  (Lanicera  tartarica),  bearing  a  leaf,  /, 
with  namerouB  buds,  6,  in  its  axil,  placed  above  one 
another,  the  lowermost  being  the  most  developed. 


trees,  as  the  Larch,  and  Ash  ;  and  frequently  in  herbace- 
ous plants,  these  accessory  bnds,  instead  of  forming  separate 
branches,  become  more  or  less  united,  and  the  branches  thus 
produced  then  assume  a  more  or  less  flattened  or  thickened 
appearance.  Such  abnormal  branches  are  commonly  called 
faseiaied.  These  branches  may,  however,  be  produced  by  a  single 
bud  developing  in  an  irregular  manner. 

Besides  the  above  three  principal  sources  of  abnormal  or 
irregular  development  of  the  branches,  some  minor  ones  also  arise 
from  the  formation  of  extroraociUary  branches  in  other  ways 
than  those  just  alluded  to.  Thus  the  stem  may  adhere  to  the 
lower  part  of  the  branch,  which  then  appears  to  arise  from 
above  the  axil  of  the  leaf ;  or  to  the  petiole,  when  it  appears 
to  arise  from  below  it.      Other  irregularities  also  occur,  but 
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tliey   are   of   little   importance   compared   with  those  already 
meutioned. 

3.  Op  the  Forms  and  Kinds  of  Steks  aicd  Bramcbis. — In 
form  the  stem  ii  naunlly  more  or  less  cjlindrical,  while  in  othar 
cases  it  becomes  angular,  and  in  some  plants,  particularly  in 
thode  of  certain  natural  orders,  itasaumeta  vsrietj  of  anomidaiis 
forms.  Thus  in  many  epiphyticaL  Orchids  it  becomes  more  or 
less  oral  or  rounded,  and  has  received  the  nameof  Pfcndolmlli 
(Ji'j.  251,  b,  b)  i  in  the  Melon-cactus  it  is  globular  ;  and  in  other 
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Cacti  it  is  columnar,  more  or  less  flattened,  or  jointed.  In  the 
Tortoise  or  Elephant's-foot  Plant  {Teatudinaria  eUphantipe*),  it 
forms  a  large  rough  irregular  mass. 

In  general,  stems  poasesa  a  firm  teitura,  and  can  therefore 
readily  sustain  themselves  in  an  upright  direction ;  but  at  other 
times  they  are  too  weak  to  support  themselves,  and  then  either 
trail  along  the  ground,  or  attach  themselves  to  some  other  plant 
or  neighbouring  object.  In  such  cases,  if  they  trail  on  the 
ground,  they  are  said  to  be  pruntmfwivf  or  ;Droitrafo;  or  if  when  thus 
reclining  they  rise  towards  their  extremity,  they  are  tUeumbent ; 
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or  if  they  rise  obliquely  from  near  the  base,  aacendUuj.  But  if, 
instead  of  resting  on  the  ground,  they  take  an  erect  position 
and  ding  to  neighbouring  plants  or  objects  for  support,  they 
are  called  dimtnng  if  they  proceed  in  a  more  or  less  rectilineal 
direction,  as  in  the  Passion-flower  {fig.  222),  where  they  cliug 
to  other  bodies  by  means  of  little  twisted  ramifications  called  ten- 
drils, ffyVy  or  in  the  Ivy,  where  they  emit  little  aerial  roots  from 
their  sides,  by  which  they  adhere  to  neighbouring  bodies  (Jig,  210, 
a,  a).  Or  if  such  stems  twist  round  other  bodies  in  a  spiral 
manner  they  are  said  to  be  ttcining ;  and  this  twining  may  take 
place  either  from  right  to  left,  as  in  some  Convolvuli  {fig.  218), 
French  Bean,  and  Dodder ;  or  from  left  to  right,  as  in  the 
Honejrsuckle  {fig.  217),  Hop,  and  Black  Bryony  ;  or  first  in  one 
direction  and  then  in  another,  irregularly,  as  in  the  White 
Bryony.  The  climbing  and  twining  stems  of  cold  and  temperate 
regions  are  generally  herbaceous  or  due  annually,  although  we  have 
exceptions  in  those  of  the  Ivy,  Vine,  Clematis,  and  Honeysuckle, 
which  are  woody.  In  tropical  climates  these  woody  climbing 
and  twining  stems  often  occur  ;  they  are  called  lianaSf  and  they 
frequently  ascend  to  the  tops  of  the  loftiest  trees,  and  then 
either  descend  to  the  ground  again,  or  run  to  the  branches  of 
neighbouring  trees. 

The  stem  has  received  many  names  according  to  its  nature. 
Thus  it  is  called  a  eaulis  in  plants  which  are  herbaceous,  or  die 
down  annually  ;  a  tninkf  as  in  trees,  where  it  is  woody  and  per- 
ennial ;  a  culm,  as  in  most  Grasses  and  Sedges,  where  it  presents 
a  jointed  appearance  ;  and  a  catideo,*  or  dipe,  as  in  Tree-ferns 
and  Palms. 

Herbs,  Shrubs,  and  Trees. — From  the  nature,  duration,  and 
mode  of  branching  of  stems,  plants  have  been  arranged  from  the 
earliest  periods  in  three  divisions,  called,  respectively.  Herbs, 
l^rubs,  and  Trees,  Thus,  those  plants  which  have  stems  that  die 
down  annually  to  the  siirface  of  the  ground  are  called  herbs ; 
while  those  with  perennial  aerial  woody  stems  are  denominated 
trees  oTshrubs  according  to  circumstances.  Herbs  are  also  f  luther 
characterised  as  annual,  biennial,  and  perennial.  Thus  they  are 
annual  when  they  only  live  through  one  season,  that  is — between 
spring  and  autumn  ;  biennial,  when  they  spring  from  seed  in  one 
season,  and  die  in  the  second,  after  producing  flowers,  fruit  and 
seed ;  and  perennial,  when  they  germinate  from  seed  in  one  season, 
and  continue  to  live  through  a  succession  of  years,  and  annually 
send  up  an  herbaceous  stem  or  stems.  The  term  tree  is  applied 
if  the  branches  are  perennial  and  arise  from  a  trunk.  Wlien  the 
branches  are  perennial  and  proceed  directly  from,  or  near  to,  the 
surface  of  the  ground  without  any  trunk,  or  where  this  is  very 
short,  a  ^nib  is  formed;  this  when  low  and  branched  very 
much  at  the  base,  is  denominated  a  bush.  The  term  undershnib 
is  also  applied  to  a  smaU  shrub  which  is  intermediate  in  its 
characters  between  an  ordinary  shrub  and  an  herb ;  thus,  vfheii 
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some  of  its  branches  generally  perish  annually,  while  others  an 
more  or  less  permanent.  All  the  above  kinds  of  stems  are  oon- 
nectod  by  intermediate  links,  so  that  in  many  cases  they  are  by 
no  means  well  defined. 

If  the  terminal  bud  of  a  stem  is  continually  developed,  the 
axis  upon  which  it  is  placed  is  prolonged  upwards  from  the 
earth  to  its  summit,  giving  off  branches  from  its  side  as  in  most 
Firs  ;  such  a  stem  has  been  termed  exc%trrent.  When  the  main 
stem  is  arrested  in  its  development  by  the  process  of  flowering, 
or  some  other  cause,  and  the  lateral  buds  become  the  more 
vigorously  developed,  so  that  the  stem  appears  to  divide  into  a 
number  of  irregular  branches,  it  is  said  to  be  deliquegcent,  lliese 
different  kinds  of  growth  influence  materially  the  general  form 
of  trees.  Thus,  those  with  excurrent  stems  are  usually  more  or 
less  conical  or  pyramidal ;  while  those  with  deliquescent  stems 
are  rounded  or  spreading.  The  general  appearance  of  trees  also 
depends  upon  the  nature  of  the  lateral  branches,  and  upon  the 
angle  which  they  make  with  the  stem  from  which  they  arisen 
Thus,  if  the  branches  are  firm,  and  spring  at  an  acute  angle  to  the 
stem,  as  in  the  Cypress  and  Lombardy  Poplar,  they  are  erect, 
and  the  tree  is  more  or  less  narrowed  ;  if  they  come  off  at  a  right 
angle,  the  branches  are  spreading,  as  in  the  Oak  and  Cedar  ;  if 
the  angle  is  very  obtuse,  or  if  the  branches  bend  downwards 
from  their  origin,  as  in  the  Weeping  Ash  and  Weeping  Elm, 
they  are  termed  weephig  or  penduloiis;  in  other  cases  this 
weeping  appearance  arises  from  the  weakness  and  flexibility  of 
the  branches,  as  in  the  Weeping  Willow  and  Weeping  Birch. 
The  relative  length  also  of  the  upper  and  lower  branches  will 
give  rise  to  corresponding  differences  in  the  general  appearance 
of  trees.  Tlius.  if  the  lower  branches  are  the  longest  and  be- 
come shorter  as  they  approach  the  top,  the  whole  will  be  shaped 
like  a  cone  or  pyramid,  as  in  the  Spruce  Fir ;  if  the  middle 
branches  are  longer  than  those  of  the  base  and  apex,  the  general 
appearance  will  be  rounded  or  oval,  as  in  the  Horsechestnut ;  if 
those  of  the  top  are  the  most  developed,  the  form  will  be  um- 
brella-like, as  in  the  Italian  Pine. 

Besides  the  above  forms  and  kinds  of  stems  and  branches, 
there  are  two  others  to  be  described,  namely,  the  Spifhe  and 
Tendril. 

Spine  or  Thorn. — It  sometimes  happens  that  a  leaf-bud,  in- 
stead of  developing  as  usual,  so  as  to  form  a  symmetrical  leaf- 
bearing  branch,  becomes  arrested  in  its  growth,  and  forms  a 
hardened  projection  terminating  in  a  more  or  less  acute  point, 
and  usually  without  leaves,  as  in  Thorns  (Jig.  220)  and  in 
GledUschia  (fig,  219).  Such  an  irregularly-developed  branch 
is  called  a  spine  or  thorn.  That  the  spines  are  really  modi- 
fied branches  is  proved  not  only  by  their  structure,  which 
is  exactly  the  same  as  the  stem  or  branch  upon  which  they  are 
placed^  but  also  by  their  position  in  the  axil  of  leaves ;  by  their 
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sometimes  bearing  leaves,  afl  in  the  Sloe  (Jig.  221),  and  Spiny 
Rfest-harrow  ;  and  by  their  being  frequently  changed  into  ordi- 
nary leaf-beuing  branches  by  cultivation,  as  in  the  Apple  and 
Pear.  The  spines  are  sometimes  confounded  with  prickles, 
already  described  (page  63),  but  they  are  readily  distinguished 
from  these  by  their  structure  and  connection  with  the  internal 
parts  of  the  stem  ;  the  prickles  being  merely  formed  of  hardened 
parenchyma,  arising  immediately  from,  and  in  connection  only 
with,  the  epidermal  tissue  and  layer  of  cells  beneath. 

TendrU  or  Cirrhus. — This  term  is  applied  to  a  thread-like 
leafless  branch,  which  is  twisted  in  a  spiral  direction,  as  in  the 
Passion-flower  {fig.  222,  r,  v).  It  is  one  of  those  contrivances 
of  nature  by  means  of  which  weak  plants  are  enabled  to  rise  into 
the  air  by  attaching  themselves  to  neighbouring  bodies  for  sup- 


Fi<;.  219. 


Fiti.  '220. 


Fig.  221. 


Fiff.  219.  Branching  fpfne  of  the  Honoy  Locwit  (OMit^hia) Fig.  220 

Spine  of  a  cpedes  of  Thoni. Fitf.  221.  Leafy  spines  of  the  common  Sloe! 

X>ort.  Tendrils  may  be  also  observed  in  the  Vine  {fig.  223,  r, 
r,  r),  where  they  are  regarded  by  many  botanists  as  £he  ter- 
minations of  separate  axes,  or  as  transformed  terminal  buds. 

Both  spines  and  tendrils  are  occasionally  produced  from 
leaves  and  some  other  origans  of  the  plant ;  these  peculiarities 
will  be  referred  to  hereafter,  in  the  description  of  those  organs  of 
which  they  are  respectively  modifications. 

KiKM  OF  Stem  Ain>  Branches.— We  have  seen  that  the 
stem,  when  first  developed,  always  takes  a  diametrically  opposite 
direction  to  that  of  the  root.  In  many  instances  this  direction  is 
continued  more  or  less  throughout  its  life.  In  other  phmts,  how- 
ever, the  terminal  bud  either  acquires  an  irregular  direction,  and 
the  stem  runs  along,  or  remains  under,  the  surface  of  the  ground ; 
or  it  perishes  altogether  at  a  very  early  period,  and  an  axiWaxy 
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branch  takes  its  pUce,  irhich  alio,  by  developing  latenlly,  will 
likewise  continue  near  the  surface  of  the  ^iind,  or  burrow 
beneath  it.  From  these  peculiarities  in  the  direction  and  growtli 
of  steius  and  branches,  we  have  a  number  of  modifications  which 
we  now  proceed  to  describe.  These  are  best  treated  of  oiider 
two  heads,  namelj,  thn«e  which  are  atruU,  and  those  which  are 
iiihferratiean.  We  can,  however,  bj  no  means  draw  a  distinct 
line  between  the  modifications  of  stem  which  these  two  divisions 
respectively  contain,  as  certain  forms  occasionally  pass  from  one 
into  the  otlier,  thus  being  both  subterranean  and  aerial  at  dif- 
ferent points,  or  at  different  periods  of  their  course. 


r  of  SUmawid  Bratidia.—Ot  these  the 
nner,  the  offitt,  the  stolon,  the  micktr, 


1.  Aerial  Modifitation 
more  important  are  the  n 
and  the  rhiatme. 

a.  The  Runner  or  FlagtUitm  {fg.  224}.— This  is  an  elongated, 
slender,  prostrate  branch,  a',  sent  off  from  the  base  of  the  stem, 
and  giving  off  at  its  extremity  leaves,  r,  and  mots,  /,  and  thns 
producing  a  new  plant,  which  extends  itself  in  asimilarmanner. 
This  is  well  seen  in  the  common  Sttawbetry  and  Potentilla. 

b.  The  Offset  (fig.  225).-'This  is  a  short,  prostrate,  more  or 
less  thickened  branch,  which  produces  at  its  apes,  roots  and  a 
tnft  of  leaves,  and  thus  forms  an  independent  plant,  which  is 
capable  of  producing  other  offsets  in  a  like  manner.  It  is  well 
seen  in  the  Houseleek.  This  differs  very  little  from  the  ordinary 
runner,  except  in  being  shorter,  somewhat  thicker,  and  ital«avM 
distinctly  tufted. 
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c.  The  Stolon, — This  is  a  branch  given  off  above  the  surface 
of  the  ground,  bat  which  curves  or  proceeds  downwards  towards 
it,  and  when  it  reaches  a  moist  spot  it  sends  roots  into  the  earth, 
and  a  sceni  upwards  into  the  air,  and  being  thus  cat>able  of 
acquiring  food  independently  of  its  parent,  it  ultimately  forms 

Fio.  224. 


Via.  220. 


Fio.  225. 


Fiff.  334.  A  portion  of  the  common  Strawberry  plant,  a'.  An  axiii  producing 
a  twit  of  learni  at  Ita  extremity,  the  upper  of  wliioh,  r,  are  well  dnveloperl 
and  green,  and  the  lower  rudimentary.  From  the  axil  of  one  of  the  latter 
a  second  axis  or  mnner,  a",  aruei,  bearing  a  rudimentary  leaf,/,  near  the 
middle,  and  a  clonter  of  leaves,  r.  at  its  end.    a*".   A  third  axis  proiluced 

in  a  dmilar  manner  to  the  former.   /»/.  Hoots. Fig.  225.  The  offset  of 

Sempervivmm, Fitf.  326.  Plant  showing  the  proovs  of  layering. 

a  new  individual.  The  Currant,  Gooseberry,  and  other  plants, 
multiply  in  this  way.  All  such  plants  are  said  to  be  doUrm- 
ferous.  Qardeners  imitate  this  natural  formation  of  new 
individuals,  when  they  lay  down  a  branch  into  the  earth, 
from  which  a  new  plant  is  ultimately  formed  ;  this  process  is 
technically  called  lawyering  {fy.  226), 
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d.  Th€  SofJcer  {fgt.  227  and  228).— Thu  ia  »  branch  which 
nriseH  from  the  stem  below  the  surface  of  the  eutb,  and  which, 
after  prucoeding  in  a  horizontal  direction  for  a  certain  distance, 
and  giving  off  routs  in  its  course,  tunia  upwards  into  the  air, 
and  ultimately  forms  an  independent  plant.     Plants  thua  pro- 


ducing Huckers  are  said  to  be  luradoie.  Good  ezamplea  of  this 
jfind  of  Bteui  aro  seen  in  the  Kiwe,  the  Kaapberrj,  and  the 
Mint  {Juj>.  227  and  228).  The  sucker  can  scarcely  be  said  to 
differ  in  any  essentia]  pnrticulare  from  the  stolon,  except  that 
it  is  originally  subterranean,  and  ultiujately  aerial;  whereas 
the  stolon  is  tirsi  aerial,  and  then  subtenanean. 


e.  The  Rhbameor  RooMock  {jigs.  229  and  230).— ThUiaa 
prostrate  thickened  stem  or  branch  running  along  the  surface  of 
the  ground,  or  more  generally  partly  beneath  it,  and  giving  off 


THE   CREEPING    STEM. 


115 


rooiB  from  its  lower  side,  and  buds  from  its  upper.  These  stems 
sometimes  creep  for  a  long  distance  in  this  way,  and  have  their 
upper  surface  then  marked  by  scars  {fig.  230,  c,  c),  which  are 
caused  by  the  falling  off  of  former  leaves  or  aerial  herbaceous 
branches.  Such  stems  are  found  in  the  Iris,  Sweet-flag,  Ginger, 
Solomon's  Seal,  Fern,  and  very  many  other  plants.  This  kind  of 
stem  being  generally  partially  beneath  the  surface  of  the  ground, 
forms  therefor  a  natural  transition  to  the  description  of  subter- 
ranean stems. 

2.  Subterranean  Modifiaitums  of  Stems  and  Branches. — All 
these  modifications  of  stems  and  branches  were  formerly  con- 
founded with  roots,  and  they  are  still  thus  designated  in  common 
language.  They  are  distinguished,  however,  from  roots,  either 
by  the  presence  of  leaves  and  buds,  or  by  scales  or  modified  leaves, 
or  by  the  presence  of  scars  on  their  siu*face  which  are  produced 
by  the  falling  off  of  former  leaves  or  buds.  The  different  kinds 
of  aerial  stems  described  above,  when  partially  subterranean, 
may  be  also  distinguished  in  a  similar  manner  from  r(H>ts. 

Fi<i.  231. 


Fia.  231.  Crrepinjr  Rtom  of  the  Sand  Carex  (Carrx  ort^natia).  1.  Terminal 
bud  by  which  the  stem  continues  to  elongate.  2,  3,  4.  bbootn  prudaoed 
from  f<«iner  boda. 

a.  The  Creeping  Stem  {fig.  231). — This  kind  of  stem  is  some- 
times called  a  Soboles,  and  in  common  language  a  creepirtg- 
root.  It  is  a  slender  branch  which  runs  along  beneath  the  sur- 
face of  the  earth,  emitting  roots  from  its  lower  side,  and  buds 
from  its  upper,  in  the  same  manner  as  the  rhizome,  and  it  is 
considered  by  many  botanists  as  a  variety  of  that  stem.  The 
only  differences  existing  between  the  creeping  stem  as  defined 
above  and  the  rhizome,  are  its  more  slender  form,  its  commonly 
ffreater  length,  and  its  entirely  subterranean  course.  The  Sand 
Sedge  orCwrexarenaria  {fig.  231),  and  the  Couch  Grass  {IriticHm 
repeiw),  afford  good  examples  of  this  stem.     In  some  instances 

such  stems  serve  important  purjwaes  in  nature  ;  thuft  tbo&e  oi 

I  2 
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the  Sfuid  Sedge  or  Carex,  bj'  Bprewiiiig  through  the  sand  of  the 
sea-shore,  and  in  this  way  binding  it  together,  prevent  it  from 
being  vaahed  away  by  the  receding  wares.  Others,  like  those  of 
the  Couch  Grass,  are  the  pest  of  the  agriculturist,  who  finds  it  very 
difficult  to  destroy  such  stems  by  cutting  them  into  pieces,  for  ax 
every  nude  is  capable  of  developing  a  leaf-bud  and  roots,  each  of 
the  piectis  into  which  they  will  then  be  divided  may  become  an 
independent  individual ;  and  therefore  such  a  process,  instead  of 
destroying  such  plants,  only  serres  the  purpose  of  atill  further 
multiplying  them  by  placing  the  separated  parts  under  more 
favourable  circumstances  for  development. 

F  10,282. 


b.  The  Tiihcr  {Jy/i.  232  and  233).— This  is  a  subterranean 
stem  or  branch,  arrested  in  its  growth,  and  excessively  enlarged 
by  the  deposition  of  starch  or  other  nutritious  substance  in  its 
tissue.  It  hsH  upon  its  surface  a  number  of  little  buds,  or  eyes 
as  they  are  sometimen  called,  from  which  new  plants  are  ulti- 
mately formed.  The  presence  of  these  buds  indicates  its  nature 
as  a  kind  nf  stem.  The  Potato  (Jig.  232),  and  Jerusalem  Arti- 
choke {Jig.  233),  are  good  illustrationn  of  tubers.  A  case  was  re- 
ported in  the  ^rdenf.rs'  ChronicU  of  a  Potato  plant  in  which 
the  buds  in  the  axils  of  the  true  leaves  above  ground  showed  a 
tendency  to  form  tubers  (Jig.  234),  by  which  their  analogy  to 
stems  was  also  clearly  indicated.  The  stem-like  nature  of  the 
tuber  is  likewise  corroborated  1iy  the  common  experience  of  gar- 
deners, who,  by  anrrounding  the  lower  part  of  the  aerial  stems 
of  the  Potato  with  earth,  convert  the  buried  buds  (which  under 
usual  circumstances  would  have  produced  ordinary  broochea)  into 
tuben,  and  thns  inn^ase  their  number. 


TUS   BULB. 


The  tnbercoles  of  certain  terrcBtriaJ  OrchiiU  uid  other  plants 
I  fig*.  25&-258),  which  ore  described  fay  ui  m  enlarged  roots, 


1  by  some  botHJiists  as  tubers.  The  tuber,  hoir- 
ever,  as  defined  above,  is  well  characteriaed,  end,  in  practice  at 
least,  should  be  distini^uished  from  them. 

c.  The   BvU>. — This   is   a   shortened,   iisiially   subt«rronean 
stem  or  branch,  generally  in  the  form  uf  a  rounded  or  flattened 


Fio.  2M. 


fKr.m.  Verbal  mcOonot  Ok  talrbaUi  of  tilt  Lily.    . 
fittt.    t.  Lutrnl  bolli  or  cloi*.     p.  FloicEriiig  •tcui 

I3S.  Tntlcal  Hctlon  at  Ihf  nlr  bnlb  o[  the  Lily. 

ct  tbrJAij.    -   *"— — ■ — '-     '  I.—...     .  -—•- 
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plate  or  disc  (^t.  236-237,  a),  which  hears  on  ita  surface  a 
number  of  flesby  scales  or  modified  leaves  ;  or  it  may  be  con- 
sidered as  a  subten-auean  bud  uf  ascaly  nature,  which  sends  off 
roots  from  below  (fy.  237,  i),  and  a  stem  upwards  {fiq.  236,  p, 
aadjifii.  236  and  ^,  d),  bearing  leaves  and  Bowers.  The  scales 
are  generallj  more  or  leu  tbickeoed  by  deposition  oi  tiuthtw* 
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aintteis  ;  them,  therefore,  aerve  as  rewrvoin  of  nutriment  fw 
the  future  use  uf  the  plant,  just  as  in  other  coses  the  enlarged 
8t«ros  and  roots  serve  a  similar  purpose.  The  bulb  is  oatj 
found  in  Monocotyledon oiis  plants,  as  in  the  Lilj  (figi.  235  uid 
237),  Onion  (fig.  238),  and  Tulip.  The  scales  of  a  bulb,  like 
the  ordinary  leaves  of  a  branch,  have  the  power  of  developing 
in  their  axils  new  bulbs  (fig.  235,  6) ;  these  are  called  by 
gardeners  dnvfi,  and  their  presence  is  an  additional  proof  of 
the  anal<^7  uf  a  bulb  tu  a  branch  or  bud. 

There  are  two  kinds  of  bulbs  commonly  distinguished  by 
botanists,  nauely,  the  tmticatfd  (fig.  238),  and  the  aatly  (figt. 
'>uK_>>'w\      Tkn  t...,:^,.!^^  t^,ii.  ;.  mill  .i„n  i-  ti,^  rw.inn  i  H^ 


are  thick  and  fleshy,  and  enclose  each  other  in  a  concentric 
manner,  are  covered  externally  by  thin  and  membranous  ones, 
■which  form  a  covering  or  Innk  to  tbera,  and  hence  the  name 
Uinu'aUd  or  coaled,  which  is  applied  to  it.  In  the  icaly,  or 
tuiked  hulh  as  it  is  also  called  (figs.  235-237),  there  are  no  outer 
dry  scales ;  but  it  is  entirely  composed  of  thick,  fleeby,  more  or 
less  flattened  ones,  which  simply  overlap  each  other. 

The  young  bulbs  (cUnx's)  (fig.  235,  i),  which  are  developed  in 
the  aiils  of  the  scales  of  bulbs,  either  remiun  attaclied  to  their 
parent,  which  they  than  commonly  destroy  by  absorbing  all  its 
stored-up  nutriment ;  or  they  become  separot«d  in  the  course  of 
growth,  and  form  independent  plants. 

In  the  axils  of  the  leaves  of  certain  plants,  such  as  some 
species  of  Lily  (fig.  239,  a,  a),  the  Coralwort  (,D«(ttarvi  buUrifera), 
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and  Pilewort  {Rammcnbit  Fiairia),  amall  conical  or  ronnded 
fleshy  bodies  are  produced,  which  are  of  the  nature  of  bulbs, 
and  are  hence  called  atrial  Mbi  from  their  poaition,  or  from 
their  amaller  mte,  bvlbHa  or  bulbkte.  They  differ  from  ordinary 
buds  in  their  fleahy  nature,  and  by  Bpontaneoualy  separating 
bom  their  parent,  and  producing  new  indiTiduFkla  when  placed 
nnder  favourable  circunistanccB  ;  and  from  true  hulba  from  their 
•mall  aize  and  aerial  poiition.  Tiiese  aerial  biilbn  are  not  con- 
fined, ax  ia  the  case  with  true  hulba,  to  Monocotyludunoiis  plants, 
•a  may  be  seen  by  the  eiamplea  given. 

d.  The  Corm. — Thia  form  of  stem,  like  the  true  bulb,  is  only 
found  in  Honocotyledonoua  plants,  bb,  for  example,  the  Cotclii- 
cam  (Jig.  34-J),  and  Crocus  (figt.  240  and  241).  It  is  an  enlarged 
solid  mibterranean  stum,  of  a  rounded  or  oval  ligure,  and  com- 
monly covered  externally  by  a  few  thin  membrauuus  scales.  By 
some  botanists  it  is  considered  08  a  kind  of  bulb,  in  which  the 

Fn;.  iJO.  Fio.241. 
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atem  or  axis  ia  much  enlarged,  and  the  scales  reduced  to  thin 
membranes.  Practically  a  corm  may  be  distinguished  from  a 
bulb  by  its  solid  nature  {Jig.  24],  a,  h),  the  bulb  bningformed  of 
flattened  imbricated,  or  concentrically  arranged  scales.  The  corm 
is  known  to  be  a  kind  of  stem  by  pn>ducing  from  its  surface  one 
or  more  buds,  in  the  form  of  young  conns,  as  in  the  Crocus 
{fig.  240,  a,  b),  where  they  proceed  from  the  apex,  and  ulti- 
mately destroy  their  parent  by  feeding  upon  its  accumulated 
nutriment.  These  new  corms,  in  a  future  year,  also  produce 
fithert  near  their  apex,  and  these  by  developing  at  the  expense 
of  their  parents  also  destroy  them  in  like  manner,  and  these 
again  fonn  other  corms  by  which  they  are  themselves  destroyed. 
In  thia  manner  the  new  corns,  as  they  are  succe  sively  deve- 
loped from  the  apex  of  the  old  corms,  come  graduaUy  nearer 
and  nearer  to  the  surface  of  the  earth. 

In  the  Colchicum  (^.  342),  the  new  corm  a'"  ia  dQve\o^& 
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on  one  side  of  the  old  conn   near  its  base,  instead  of  from 
the  apex,  as  in  the  Crocus.     This  also  feeds  upon  its  parent, 

and  ultimately  destroys  it, 
and  is  in  like  manner  de- 
stroyed the  next  year  by  its 
own  progeny.  Thus,  in  taking 
up  such  a  corm  carefully,  we 
iind  (fig.  242),  a,  the  shri- 
velled corm  of  last  year ;  and 
a^\  that  of  the  present  season, 
which,  if  cut  vertically,  shows 
a^^^,  the  corm  in  a  young  con- 
dition for  the  next  year.  All 
corms,  like  bulbs,  contain 
starch  or  other  nutritious 
matters,  which  are  stored  up 
for  the  future  use  of  their 
offspring. 


Fig.  242.  Colchioam. 
r.  Roots.  /.  Leaf. 
a.  ShriTellod  re- 
mains of  last  year's 
corm.  o".  Conn  of 
the  present  jear. 
a"'.  Commence- 
ment of  the  oorm 
of  next  year. 


Section  2.     The  Root  or  DEScEia>iKG  Axis. 

The  root  is  defined  as  that  part  of  the  axis  which  at  its  first 
development  in  the  embryo  takes  an  opposite  direction  to  the 
stem,  avoiding  the  light  and  air,  and  hence  called  the  descending 
axis,  and  fixing  the  plant  to  the  soil  or  to  the  substance  upon 
which  it  grow8,  or  floating  in  the  wat«r  when  the  plant  is  placed 
upon  the  surface  of  that  medium.  The  part  where  the  stem  and 
root  diverge  is  sometimes  called  the  Heck  (fig.  248,  c).  The  axis 
is  here  generally  more  or  les8  contracted,  at  least  in  the  young 
plant ;  but,  as  development  proceeds,  all  traces  externally  of  this 
point  are  usually  destroyed,  so  that  after  a  few  years  it  becomes 
very  difficult,  if  not  impossible,  to  discover  its  position.  That 
part  of  the  root  which  joins  the  stem  is  called  the  base,  and  the 
opposite  extremity  the  apex. 

We  distinguish  two  varieties  of  roots,  namely,  the  True  or 
Primary,  and  the  Adventitious  or  Secondary. 

1.  True  or  Primary  Root. — The  true  root,  which  can  only 
exist  in  Dicotyledonous  plants  (page  129),  is  formed  at  first 
by  additions  made  within  the  extremity  of  the  radicle  of  the 
embryo  ;  and  the  mode  in  which  it  takes  place  may  be  thus 
stated  : — Growth  commences  by  the  multiplication  of  cells  by 
division  just  within  the  apex  of  the  radicle ;  the  mass  of 
cells  thus  formed  becomes  gradually  differentiated  into  three 
layers,  an  outer,  inner,  and  intermediate.  From  the  inner  layer, 
or,  as  it  is  termed,  the  plerome,  is  subsequently  developed  the 
fibro- vascular  portion  of  the  root ;  the  cortical  layers  being 
formed  from  the  intermediate  layer  or  j>eriJbUfm ;  whilst  the  outer 
single  layer  of  cells,  known  as  the  dermatogeny  in  addition  to 
j^iving  rise  to  the  epidermis,  forms  the  cap- shaped  mass  of  tissue^ 
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called  the  root-eop  or  piltorkka  by  which  the  growing  apei  of 
the  root  is  &!»&;>  clothed.  All  roots  {Jig.  243,  a),  and  the 
branches  of  »  root  gTaw  in  length  in  a  aimiW  muiner  to  the  radicle 
■■  above  described  ;  hence  roots  do  not  grow  throughout  their 
entire  length  like  stems,  but  only  within  their  extremities,  which 
Me  oontinutdly  pushed  forvsrd  and  renewed.  Thus  the  apex  of 
the  root  is  alwajs  clothed  by  a  layer  of  denser  tissue  which  in 
cotnmouly  known  as  the  root-cap.  All  the  branchei  of  a  root 
are  likewise  terminated  byasimilsr  cap(^.  ^45,  h,h).  Thiscap 
(ocms  in  fact  a  sort  of  protecting  shield  to  the  yuung  extreini- 
liM  ot  the  root.  (See  also  Develupment  of  Bouts,  in  Physio- 
kgicai  Botany.)    These  extremities  of  the  mot  were  formerly 

Flo.  -iu. 


regarded  as  special  organs,  and  called  tponyioUa  or  ^xmgeUla  (fig. 
2M,  ip),  undier  the  idea  that  they  absorbed  fluid  for  the  use  of 
the  plant,  in  the  same  manner  as  a  sponge  sucks  up  water.  But 
it  will  be  seen  from  the  above  description  of  the  growth  of 
roots  that  such  structures  have  no  existence.  Roots  increase 
in  diameter  by  the  formation  of  annual  layers  of  wood,  in  the 

At  first  the  elongating  growing  extremities  of  the  toi't  consist 
entirely  of  parenchymatous  cells  iJiyi.  243,  a,  and  244,  c) ;  wood- 
cells  and  vessels  (Jig,  244, /r),  however,  soon  make  their  appear- 
ance, and  are  constantly  added  to  below  by  the  new  tissue 
formed  as  the  root  continues  to  lengthen.  When  the  root  is 
fnUy  developed,  these  vessele  and  wood-cells  generally  form  a 
central  maaa  or  wood  (jfyt,  244,  /t,  and  245,  /),  in  whic\i  ttieia 
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ia  commonly  no  pith,  and  no  medullMT'  nhesth.  But  the 
medulUiy  rnjs  exist  aa  in  the  atem  ;  and  extemallj  there  b 
a  tnm  bark  (fig.  245,  r,  r),  which  is  also  covenid  when  young  by 
a  modified  epidermis  without  Htomata  (_Jig.  19),  tnd  which,  uwe 
have  aeeii,  is  somctimus  called  epihlema  (page  56).  This  epi- 
dermis  h  nUo  furnished  with  hair-like  prolongationa,  which  are 
termed  root-hairs  oTjibrUi  (Jiga.  19,  and  243,  e,  c).  The  lattw 
are  especially  evident  upon  young  growing  roots,  and  aa  these 
advRjico  in  age  tliey  perit^,  while  the  tiasiie  from  which  they  wen 
jiruloiiged  becomes  at  the  same  time  harder  and  firmer,  and  ii 
converted  gradually  into  epiphloem. 

Roots  have  no  leaves,  and  normally  no  buda,  hence  they 
liave  no  provision  for  regular  rainiScation  ;  but  they  appear  to 
,.      ^,.  divide  and  subdivide  accordinc  , 

*'  '  ' '  to    circumstances   without   any 

definite  order  ;  hence  while  the 
branches  of  the  stem  have  a 
more  or  less  aymmetrical  ar- 
rangement, BB  already  described, 
those  of  the  root  are  unsym- 
metrical.  The  branches  of  the 
ru<)t  are  always  developed  eiido< 
genously  {Jvj.  245,  n,  it),  that 
is,  they  are  deep-seated,  being 
derived  from  the  pericambium  or 
outer  layer  of  the  plerome.  As 
they  inoreaae  in  length  they  ulti- 
mately push  through  the  tissues 
which  are  superhcial  to  them, 
namely,  the  cortical  layers  and 
epidermis  of  the  main  root,  whidi 
are  therefore  not  continuous  with 
thesimilar  tissues  of  the  branches 
{fig.  245,  r,  r).  The  branches 
viofann  are  thus  merely  repetitions  of 
-..;  w,-;.  *"'/  '*'*  original  Hiis  from  which 
«rwt*»pnr  pM».rtiii»,  of  [be  Utiaii  they  are  developed,  and  grow, 
n»w.   After  Prwitl.  ,^g  already  noticed,  in  a  similar 

manner,  and,  like  it,  have  commonly  neither  buds  nor  leaves. 
To  this  latter  character,  however,  there  are  many  exceptions,  tar 
although  the  root  has  no  power  of  forming  regular  buds,  yet  ad- 
ventitious buds  may  be  formed  upon  its  surface,  in  the  same  man- 
ner as  we  have  seen  that  under  certain  circumstances  they  may  be 
produced  from  any  parenchymatous  tissue  (page  105).  The  power 
which  the  root  thus  possesKcs  of  forming  adventitious  buds 
may  be  observed  in  the  Plum-tree,  the  Moutan  Peeony,  the 
Japan  Anemone,  and  many  other  plants.  The  latter  plant 
especially,  exhibits  this  tendency  in  a  remarkable  degree. 

Didinctive  Characfen  of  Stem*  and  Booti. — From  the  abova 
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general  description  which  has  been  given  of  the  growth, 
stmcture,  and  characteristics  of  the  true  root,  we  find  that 
the  chief  distinctive  characters  between  it  and  the  stem  in 
Dicotyledonona  plants  may  be  summed  up  as  follows  : — Ist.  The 
tendency  of  the  root  at  its  first  formation  to  develope  in  an 
opposite  direction  to  the  stem,  and  thus  withdraw  from  tho 
light  and  air.  2nd.  The  root  does  not  grow  throughout  the 
entire  length  of  its  newly  formed  parts  like  a  stem,  but  only  by 
additions  just  within  its  apex,  which  is  covered  by  a  root-cnp. 
3rd.  The  root  under  ordinary  circumstances  has  no  pith  or 
medullary  sheath.  4th.  It  has  no  true  epidermis  with  stomata, 
but  in  place  of  this  an  integument  composed  of  cellfl  without  sto- 
mata, to  which  the  name  of  epiblema  has  been  given.  5th.  It  has 
no  leaves,  or  scales  which  are  modified  leaves.  Cth.  It  has  no 
regular  buds,  and  has  consequently  no  provision  for  a  regular 
ramification. 

2.  ADTEirnnous  ob  Secondary  Root. — This  name  is  ap- 
plied to  all  roots  which  are  not  produced  by  the  direct  elonga- 
tion of  the  radicle  of  the  embryo  ;  because  such  roots,  instead  of 
proceeding  from  a  definite  point  as  is  the  case  with  the  true  or 
primary  root,  are,  to  a  certain  extent  at  least,  accidental  in  their 
origin,  and  dependent  upon  favourable  external  circumstances 
for  their  development.  All  branches  of  a  true  root,  except  those 
originally  produced  from  its  apex,  are  of  this  nature,  as  are  also 
those  of  the  different  modifications  of  stems,  such  as  the  rhizome, 
runner,  sucker,  stolon,  corm,  bulb,  &c.  ;  those  of  slips  and 
cuttings  of  plants,  &c. ;  and  those  of  nearly  all  Monocotyledonous 
and  Aootyledonous  plants.  En  Kome  plants  roots  are  also  de- 
veloped from  the  stems  or  branches  of  plants  in  the  air,  and  are 
hence  called  Aericd  Ktpots.  Such  roots  are  likewise  necessarily 
of  an  adventitious  nature. 

The  adventitious  roots  of  Monocotyledonous  plants  make 
their  first  appearance  as  little  more  or  less  conical  bodies  formed 
by  division  and  subsequent  growth  of  the  cells  constituting  the 
pericambium  or  outer  layer  of  the  plerome  (or  procambium) ; 
these  soon  break  through  the  tissue  which  envelopes  them,  and 
appear  externally,  at  first  as  parenchymatous  elongations,  but 
ultimately  having  a  similar  structure  to  that  of  a  monocotyle- 
donous stem.  Where  they  break  through  they  are  surroimded  at 
the  base  by  a  kind  of  sheath  or  collar  called  a  coUorhiza  (Jig.  246, 
eo).  They  also  grow  by  additions  within  tlieir  extremities  like 
true  roots,  and  are  terminated  like  them  by  a  root-cap  or  pileo- 
rhiza.  In  the  adventitious  aerial  roots  of  the  Screw-pine  (Jig. 
188, 2),  and  some  other  plants,  the  pileorhiza  may  be  well  seen  in 
the  form  of  a  cap-like  covering  at  the  extremity  of  each  root.  Tho 
pileorhiza  of  a  monocotyledonous  root,  like  that  of  a  true  root, 
is  commonly  thrown  off  as  development  takes  place  behind  it ; 
bnt  in  certain  aquatic  plants,  as  in  tho  Duckweed  (Jig,  247),  it 
is  persistent,  and  Bppeara  in  the  form  of  a  long  sheath  over  t\\« 
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end  of  the  root ;  and  is  continually  pushed  onwards  by  the  de- 
velopment of  the  cells  within  the  apex. 


Fig.  24G. 


Fig.  247. 


Fig.  248. 


Fig.  246.  Germinating  embryo  of  the  Oat.    r.  Rootlets,  each  witti  a  nheath 

(coleorbiza),  co,  at  its  base.    c.  Cotyledon,    g.  Yonnflr  stem. Fig.  247. 

Magnifle«i  plants  of  the  Lessor  Duckweed  {Ij«mna  minor)^  with  the  roots 

covered  by  a  long  cap  ( pileorhiea). Fig.  348.  Lower  part  of  the  stem  and 

root  of  the  common  Stock,  r.  The  tap-root  with  its  branchee.  c.  The 
neck  or  point  of  union  between  the  stem  and  root.  i.  The  stem.  /,/. 
Leaves.    6,6.  Buds. 

The  adventitious  roots  of  Dicotyledons  arise  in  a  some- 
what similar  manner  to  those  of  Monocotyledons,  making  their 
Urst  appearance  as  little  conical  bodies  formed  from  the  sub- 
stance of  the  pericambium,  and  idtimately  breaking  through 
the  bark  and  appearing  on  the  surface.  They  also  grow  by 
additions  within  their  extremities,  and  each  is  protected  by  a 
pileorhiza,  and  has  at  its  base  a  ooleorhiza.  They  have  under 
ordinary  circumstances  a  similar  structure  to  that  of  true  roots. 

Adventitious  roots  generally,  like  true  roots,  have  no  leaves 
or  buds,  and  when  subterranean,  have  no  epidermis  furnished 
with  stomata  ;  hence  when  derived  from  Dicotyledons,  they  are 
distinguished  from  the  stem  by  the  same  characters  as  that  of 
the  true  root.  The  adventitious  roots  of  Monocotyledons  and 
Acotyledons  have  a  similar  structure  to  their  respective  stems, 
as  will  be  afterwards  noticed.  Aerial  roots  are,  however,  from 
their  exceptional  position,  frequently  furnished  with  a  true 
epidermis  and  stomata,  and  are  sometimes  of  a  green  colour ; 
but  in  other  respects  they  resemble  ordinary  adventitious  roots. 

The  true  or  primary  root^  from  its  being  formed  by  direct 
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elongation  from  tha  ndiclu,  generally  continue*  to  grow  down- 
THdifortometimeat  least,  Mid  hence  formt  a  main  trunk  or  asi« 
from  which  thebranchea  are  given  oS  (fig.  248,  r).  Such  aroot 
ii  termed  a  tap-roof,  and  may  be  commonly  otwerved  in  Dicoty- 
ledonoaa  plant*.  On  the  contrary,  the  roots  of  Honocotyleilonnui 
and  Acotjlednnoua  plant*,  which  are  adventitious,  are  usually 
of  nearly  equal  size,  and  given  off  in  variable  number*  from  the 
radicle  {fig.  346,  r).  Some  adventitioua  roota,  such  as  those 
called  aerial,  require  a  more  particular  notice. 

Atrial  BooU, — The  simplest  forms  of  aerial  roots  are  seen  in 
the  Ivy  (fig.   216,  a,  a),  and  some  other  climbing  plante.     In 


m$iwm 


Fig.  Ui.  TlM  BujU'tne  (Flau  (ndUa). 

these  plants  they  are  essentially  intended  for  mechanical  support, 
and  not  to  obtun  food  :  this  Uiey  obtain  by  their  ordinary  roots 
fixed  in  the  soil.  It  is  probable,  however,  that  in  the  Ivy  and 
other  climbing  plants  some  food  may  be  taken  up  by  these  roots. 
In  many  other  plants  the  aerial  roots  which  are  given  off  by  the 
stems  or  branches  descend  to  the  ground,  and  fixing  themselves 
there,  notonly  act  as  mechanical  supports,  butalsoossist  the  true 
root  in  obtaining  food.  Such  roots  are  well  seen  in  the  Screw- 
pine  Cfe.  188,  2),  in  the  Banyan  or  Indian  Fig-tree  {Jig.  249), 
and  in  the  Mai^rove-tree  (fig.  250).  In  the  latter  tree  these 
aerial  root*  frequently  form  the  entire  support  of  the  stem  in. 
GODSeqnenoe  of  this  decaying  at  its  lower  part  (Jig.  260). 

Epijihyta  or  Air-planli. — In  these  plants  none  but  aerial 
roots    are  produced,  and   as  these  never  reach  the  Boil  tViB'j 
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cannot  obtain  any  food  from  it,  but  must  draw 
entirely  from  the  a 


tbmr  food 

are  developed  ;  benos 
^ne  name  of  air-platUt  which 
B  applied  to  them.  They  are 
alao  called  epiphyta,  becaoM 
-  they  commtHily  grow  upon 
iitliet  plants.  Hnat  Orchid* 
(Jig.  261 )  and  Ttllandaiaa  af- 
i  ford  ua  illuBtrationa  of  epi- 
phytical plants.  The  roota 
of  Huch  plants  are  commonly 
green,  and  posnew  a  true  epi- 
dennia  and  stuiuata  ;  in  which 
particulars,  therefore,  aerial 
roots  present  except lona,  as 
already  noticed,  to  what  ia 
commonly  observed  in  other 
roots.  The  aerial  roots  of 
most  Orchids  have  alao  a  layer 
of  usually  very  delicate  fibront 
"  cell8(page  42),  placed  over  the 
true  epidermis,  to  whicb  the 

name  of  Tool-aheath  has  been  applied  by  Schleidan,  who  alati 

calls  such  roots  eoaied  rooh. 


(llhUopl\ora 


BeHides  these  epiphytes,  there  ia  another  intereating  class  of 
plants  which  are  called  paradtei  ;  these  we  must  now  notice. 

Poniiiife*,— Tliese  are  plants  which  not  only  grow  upon  others, 
but  which,  instead  of  s^niUiigtheirrouts  into  the  air  and  deriving 
their  food   from  it,    aa  is  the   case  with  the   epiphytes,    send 


theiu  into  the  tiasiies  uf  the  plants  upon  wtiioh  thuy  gruu',  mid 
obUiD  nutrimant  from  them.  The  MiBtlutue  ( VUcum  athtim), 
Broom-rapea  (OrobatuJie),  Dodders  {Cu»cnia)  (fig.  252),  and 
Raffiaia  JmoUi  {jig.  2SS),  may  be  oitud  as  example*  of  such 
pJaoU.  Theae  pumaitea  ore  of  vsriou*  natures  ;  thiu  suiue  have 
green  foliage,  as  in  the  Mistletoe,  wliile  niany  others  are  pale,  or 
branuiah,  or  posaesa  other  tints  th»ii  green,  an  the  Broom-rapes 
and  RaiSeaia.  The  latter  plant  is  es]>ecially  interesting  from  its 
prnducing  the  largoKt  Howers  of  any  known  plant:  thus  tlio 
firet  flower  that  was  discurercd  measured  nine  feet  in  circum- 
faience,  and  weighed  fifteen  poundit. 

Parasitical  plants  also  vary  in  the  degree  of  their  paraaitiani  ; 
thus  the  Miatlet4>e  and   the  greater  number  of  parasites  are  so 
Fio.  251. 


far  as  their  root*  ore  concerned  entirely  dependent  upon  the 
plants  on  which  they  grow  fur  their  food  ;  while  ethers,  as  the 
Dodder,  obtain  their  f(M>d  at  first  by  tneans  of  the  ordinary  roots 
contained  in  the  soil  ;  but  after  having  arrived  at  a  certain  age, 
these  perish,  and  their  roots  then  derive  their  food  entirely  from 
the  plants  open  which  they  grow  ;  others,  again,  continue 
throughout  their  life  to  derive  a  portion  of  their  food  by  means 
uf  roots  imbedded  in  the  soil. 

It  will  thna  be  seen  that  paTOsites  differ  from  otlier  plants  in 
the  fact  that  they  do  not  live  like  them  entirely  on  inorganic 
matters,  but  derive  a  portion  of  their  food  in  an  assiniilated  state 
from  the  plants  on  'nhich  they  grow. 

Besides  the  parasites  just  described,  there  is  also  another 
claas  of  plants  <^ed  Mpro^iAyfu,  which,  whilst  agreeing  with 
ordinary  parasites  in  deriving  their  food  from  already  formed 
organic  ou^erial,  differ  Sram  that  latter  class  in  gruwin);  on  d«ad 
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organic  substances,  and  therefore  assimilating  sncli  matter  which 
is  in  a  state  of  decomposition  or  decay.  Such  plants  are  Mono- 
tropa,  Corathrhiza  innataj  and  Epipoginm,  together  with  the 
greater  number  of  Fungi. 

Duration  of  Roots. — Having  now  described  the  general 
characters  and  structure  of  the  tnie  or  primary  root,  and  of  the 
adventitio^is  or  secondary  rooty  we  have  in  the  next  place  to  allude 
to  certain  differences  which  roots  present  depending  upon  their 
duration.  Roots  are  thus  divided  into  anmud,  hiennitdf  and 
perennial. 

1.  Anmial  Roots. — These  are  produced  by  plants  which  grow 
from  seed,  flower,  and  die  the  same  year  in  which  they  are 
developed.  In  such  plants  the  roots  are  always  of  small  size, 
and  either  all  spring  from  a  common  point  as  in  annual  Grasses 
{fig.  254),  or  the  true  root  is  .small,  and  gives  off  from  its  sides 
a  number  of  small  branches.  Such  plants,  in  the  process  of 
flowering  and  maturing  their  fruits  and  seeds,  exhaust  all  the 
nutriment  they  contain,  and  thus  necessarily  perish. 

2.  Biennial  Roots. — These  are  produced  by  plants  which 
spring  from  seed  one  year,  but  which  do  not  flower  and  ripen 
their  seeds  till  the  second  year,  when  they  perish.  Such  roots 
are  commonly  enlarged  in  various  ways  at  the  close  of  the  first 
season,  in  consequence  of  their  tissues  becoming  gorged  with 
nutritious  matters  stored  up  for  the  support  of  the  plant  during 
its  flowering  and  fruiting  the  succeeding  season.  The  Carrot 
(fi<j.  262),  and  Turnip  (Jfig.  264).  afford  us  good  examples  of 
biennial  roots. 

3.  Perennial  Roots. — These  are  the  roots  of  plants  which  live 
for  many  years.  In  some  such  plants,  as  the  Dahlia  (fig.  258), 
and  Orchis  {figs.  256  and  257),  the  roots  are  the  only  portions 
of  the  plant  which  are  thus  perennial,  their  stems  dying  down 
to  the  ground  yearly.  Perennial  roots  are  either  of  woody 
consistence,  or  more  or  less  fleshy  as  in  those  of  biennial  plants. 
In  the  case  of  fleshy  roots  such  as  the  Dahlia  and  Orchis,  the 
individual  roots  are  not  in  themselves  perennial,  but  usually 
perish  annually  ;  but  before  doing  so,  they  produce  other  roots 
from  some  point  or  points  of  their  substance  ;  hence,  while  the 
root  as  a  whole  is  perennial,  any  particular  portion  may  perish. 
Woody  roots  are  commonly  perennial  in  themselves,  and  are  not 
renewed. 

Roots  of  Dicotyledonous,  Monocotyledonous,  and  Aco- 
TYLBDONOUS  PLANTS. — We  have  already  seen  that  the  stem 
possesses  certain  characteristic  differences  in  its  internal  structure 
in  the  three  great  classes  of  Dicotyledonous,  Monocotyledonous, 
and  Acotyledonous  plants.  The  roots  of  such  plants  in  like 
manner  possess  similar  distinctive  structural  characters,  and  also 
some  others,  which,  although  generally  referred  to  previously, 
had  better  be  briefly  summed  up  here. 

1.  The  Root  of  IMcotyledviuyus  Plants. — The  root  of  these 
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plants  is  formed,  as  we  have  seen  (page  120),  by  tlie  direct 
eloDgaticm  of  the  radicle  of  the  embryo  from  the  formation  of  new 
tiMiie  just  within  its  apex.  Such  a  mode  of  root-development 
has  been  called  exarhizal,  and  a  root  thiis  formed  is  called  a  true 
root. 

It  follows  from  this  mode  of  development  that  Dicotyledonous 
plants  have  generally  a  tap-root  or  descending  axis  (fig.  248,  r), 
from  which  branches  ar<3  given  off  in  various  directions,  in 
tbe  same  manner  as  such  plants  have  also  an  ascending  axis 
or  stem,  t,  from  which  its  branches  arise.  These  tap-roots  do 
not,  however,  commonly  descend  far  into  the  ground,  but  their 
branches  become  much  developed  laterally  ;  in  some  cases  even 
more  so  than  those  of  the  stem,  while  in  others,  as  in  plants 
of  the  Gkmrd  tribe,  and  commonly  in  all  succulent  plants,  to  a 
less  extent. 

In  its  internal  structure  the  root  resembles  the  stem  except, 
as  already  noticed  (page  121),  that  it  has  no  pith  or  medullaiy 
sheath  :  hence  the  fioro- vascular  tissue  forms  a  central  axis.  This 
absence  of  pith  and  medullary  sheath  is  general  in  Dicotyledonous 
herbaceous  plants  ;  but  there  are  some  trees,  as,  for  instance,  the 
Walnnt  and  Horsechestnut,  where  the  pith  is  prolonged  down- 
wards for  some  distance  into  the  root. 

2.  The  Root  of  Monocotyledoiums  Plants.  — In  these  plants  the 
radicle  does  not  itself,  except  in  rare  cases,  become  prolonged  to 
form  the  root,  but  it  generally  gives  off  above  its  base  one  or 
more  branches  of  equal  size,  which  separately  pierce  the  ra- 
dicular extremity  of  the  embryo,  and  become  the  roots  (fi^. 
246,  r)  ;  each  of  these  roots  is  surrounded  at  its  base,  where  it 
pierces  the  integuments,  with  a  kind  of  cellular  collar,  tenned 
the  coUorhizOj  eo.  Such  a  mode  of  root-development  has  been 
termed  endorhizal.  The  roots  of  Mouocotyledonous  plants  are 
therefore  to  be  regarded  as  adventitioiui  or  secondary. 

From  their  mode  of  development  it  rarely  happens  that  the 
plants  of  this  class  have  tap-roots,  but  they  have  instead  a 
variable  number  of  roots  of  nearly  equal  size  (fig.  254),  which 
are  accordingly  termed  compwmd.  There  are,  however,  excep- 
tions to  this,  as  for  instance  in  the  Dragon-tree  (fig.  193),  which 
has  a  descending  axis  resembling  the  ordinary  tap-root  of  Dico- 
tyledonous plants. 

Aerial  roots  are  much  more  common  in  Monocotyledonous 
than  in  Dicotyledonous  plants.  We  have  already  referred  to 
them  in  the  Screw-pine  (fig.  188,  2),  and  other  plants  of  this 
class.  In  many  Palms  they  are  developed  in  great  abundance 
towards  the  base  of  the  stem,  by  which  this  {>ortion  assumes  a 
conical  appearance,  which  is  at  once  evident  by  the  contrast  it 
presents  to  the  otherwise  cylindrical  stem  of  such  trees.  In  its 
internal  structure  the  root  of  a  Monocotyledon  corresi>onds  to 
that  of  the  stem  in  the  same  class  of  plants. 

3.  Th»  Bod  of  Acotyledonotu  Plants. — Such  plants,  asweh&VQ 
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seen  (page  11),  have  no  true  seeds  conttuning  on  embiyo,  bnt  are 
propag&ted  by  spores,  from  which  route  are  developed  in  ft  Tcrj 
irregular  manner  ;  and  hence  this  mode  of  Toot-developmeiit 
has  been  called  heterfn-kiuii.  Such  roots  are  therefore  all  ad- 
ventitious ;  and  resemble  those  of  Monocotyledonoas  plants  in 
being  compound.  When  the  stem  hu  become  dcTeloped  it 
soon  also  giyea  origin  to  other  aerial  adventitious  roots,  by  which 
such  plants  are  chiefly  supported.  Hence  aerial  roots  are  v«y 
common  in  Acotyledons,  as  they  are  in  Monocotyledons  ;  indeed, 
in  Tree-ferns  ss  in  many  Pnlms,  these  roobt  are  so  abundant  at 
the  base  of  the  stem,  that  they  sometimes  double,  triple,  or  still 
further  increasB  its  normal  thickness  (Jig,  13,  ra),  and  hence 
give  to  the  lower  part  of  sucb  stems  a  oonica!  form.  The  internal 
structure  of  the  root  of  Acotyledons  in  all  essential  charactan 
resembles  that  of  the  stem  in  the  same  class  of  plants. 

Forms  op  Rooih.  —When  a  root  divides  at  once  into  a  num- 
ber of  slender  branches  or  rootlets,  or  if  tha  primary  root  is  bttt 
Fiu.  25). 
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little  enlarged,  and  gives  off  from  its  sidea  a  midtitude  of  aimilar 
branches,  it  is  called  fibrous.  Such  roots  occur  commonly  in 
annual  plants,  and  may  be  well  seen  in  annual  Orosses  (fig.  264), 
and  in  bulbous  plants  (figi.  237  and  238). 

Coralliite  Root. — This  name  is  applied  to  a  root  which  con- 
sists of  a  number  of  succulent  branches  of  nearly  equal  size,  and 
arranged  ]ike  a  piece  of  coral  (fig.  255),  as  in  GortUlorrhixa  tiinofa. 

TtiheTcvlaJ.td  Root. — When  some  of  the  divisions  of  a  root 
become  enlarged  so  as  to  form  more  or  leu  rounded,  oval,  or  egg- 
shaped  expansions  (fig.  266),  the  root  is  said  to  be  (ttbercu^i^d, 
and  each  enlargement  is  called  a  ttibtTevlf..  Buch  a  root  occurs 
in  various  terrestrial  Orchids,  the  Jalap  plant,  &c.  These  tuber- 
cules  must  not  be  confounded  with  tubers,  which  have  been 
already  described  as  subterranean  modiScations  of  the  stem. 
The  presence  of  eyes  or  buds  on  the  latter  at  once  distinguishes 
them.    In  many  Orchids,  as  for  instance  the  Ordtit  maeulnla,  tiie 
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tobncnlea  *n  dirided  at  their  extremitiu,  io  th&t  the  whole 
naembles  the  human  liand  (Jig.  257);  the;  are  then  aaid  to  be 
pahnaUd,  and  the  root  ia  aUo  wiu  termed. 

Fio.  257. 


Fia.:5«. 


Fig.iX.  FiKJcnlstal 


FtuticitUdtd,  ChuAtrtd,  or  TvfUd  Roof.— These  name*  are 
•{mlied  indifferently  to  a  root  -which  coiuiBts  of  a  number  of 
tabercolea  arising  from  a  common  point,  at)  in  the  Dahlia  {fi-j. 
2S»\  and  Kid'a-neat  Orchia  {Neottia  Nidw-amt). 
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Nodnhte,     Anwtlated,   and  MoHtliform   or  Ntdjace-Aaped 

Roof  8. —Theae  tenns  are  applied  to  rootB  which  ue  expanded  only 

Fiu.  260.  '■^  certain  points.     Thus,  when  the  bnndm 

«  enlarged  irregularis  towards  the  enda,  ai 

the  common  Dropwort,  the  root  ia  nodvlott 

{fig-  269) ;  when  the  branchei  have  alternate 

contractiuiia  and  expansions,  so  as  to  preaout 

n  beaded  appearance,  as  in  Ptlargonivm  tritte, 

the  root   is   moniliform,   neddact-Aaptd,   or 

headrd  {fig.  260)  :  and  when  the  root  haa  a 

number  of  ring-like  eipansiona  on  its  sartace, 

as  in  Ipecacuanha,  it  if  awMilaitd  {J(g.  261). 

The  above  forms  of  roots,  with  few  ex- 
ceptions,   are    those    which   are    oommonlj 
observed  in  plants  which  have  no  tme  tap- 
root.    Those  which  have  now  to  be  daaoribed 
/tr.  s«o.  UonimoTm  owe  their  special  forms  to  modificationa  of 
.tool,  the  latter  kfiid  of  root. 


Coniad  Bool. — When  a  tap-root  is  lovad  at  ita  baae,  aod 
taiptaa  towards  the  apex,  it  is  termed  eonietd  {fig.  208).  31m 
roota  of  Uonkahood  {Aamibmi  JVofwUHs),  Paniiip  {Fadmaem 
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irfiMX  UmI  Cftnot  (ZlaueiM  Carota)  (fig.  WH),  ftre  fuailiar  ex- 
impl^  of  tbia  form  of  root. 

AtM^rm  Boot. — This  term  u  applied  to  a  tap-root  which 
■veil*  out  a  little  below  its  base,  and  then  tapers  upward*  and 
dowDwwds  (fig.  263).  The  common  RadUh,  and  Beet  (Seta 
wulgarU),  may  be  taken  aa  exainples. 

Jfaptform  Root. — Thia  name  ia  given  to  a  root  which  ia  much 
■woUen  at  ila  faaae,  and  tapera  below  into  a  long  point,  the  whole 
beiiig  of  a  •mwwhst  ^obulai  form  (fig.  264).  It  occura  in  a 
Tariety  of  the  common  Radiah,  which  ia  hence  called  the  Tumip- 


radtahi  inthe 


iTumip(;S<I.264),andii] 


When  what  would  be  otherwise  a  napiform  root  becomes  oom- 
preased  both  at  ita  base  and  apex  so  Uiat  it  has  no  tapering  ex- 
tremis, it  is  sometimes  twmed  plaeentiform  (_fig,  266).  It  occurs 
in  the  Sow-btead  (Oydamen  evrop^um). 

Some  botaniata  regard  the  roots  of  the  Radish,  the  Turnip, 


CTclaman,  and  some  othoa,  aa  reallj  enlatged  atema.     We 
3,  however,  placed  them  here,  in  accordance  with  the-  more 


the 

eommonlf  acc^rted  views  of  their  nature,  and  on  aocount  of  their 
inportaaee  in  practical  Botanj.  The  two  next  deaoribed  f<H7ns 
of  roota  am  also  more  properly  rhiiomea,  but  it  is  fxmvenient  to 
notice  tbsn  here,  and  ao  long  as  their  nature  is  nndemtood  no 
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CoitUniedor  Twisted  Root. — When  a  tap-root,  inatead  of  prcv- 
ceeding  in  a  more  or  leu  straight  direction,  beoomM  twiatea,  as 
in  Uie  Bistort  {/uj.  266),  the  root  ia  Raid  to  be  eontorted  or 
ttoistid 

Fio.  867. 


Fnemone  Root. — Wlientho  main  root  ends  abn«itly,  to  as  to 
present  the  appearance  of  having  been  bitten  off,  it  is  called 
ahiMpt,  tnincattd,  or  pr«m<ir»e  {Jig.  2G7).  We  have  a  good 
example  of  this  form  of  root  in  the  Devil's-bit  Scabious,  miicli 
pkut  has  received  its  common  mune  from  a  nuperetitious  opi- 
nion connected  with  this  peculiar  bitten-off  appearance  of  its 

Section  3.     Thk  Lbap  or  Phvliohe. 

1,    GBNERil.   DESfRlPnoN   ANlt   FAKTO   OF  THE   LEAJ. 

The  leaf  may  be  defined  as  a,  lateral  dcTelopment  of  the  stem 
or  of  a  branch.  In  the  lowest  leaf-bearing  plants,  as  Mosses,  it 
consists  entirely  of  parenchyma;  but  in  the  higher  classesof  plants 
the  leaf  usually  contains,  in  addition  to  the  parenchyma,  a  frame- 
work or  skeleton,  consisting  of  wood-cells  or  liber-cells,  or  both, 
and  vessels,  all  of  which  structures  are  in  direct  connection  with 
similar  parts  of  the  fibro-vaacular  system  of  the  stem.  We  dis- 
tinguish therefore,  in  suoh  leaves,  as  in  the  st«m  and  branch ,  both 
a  parenchymatous  and  a  fihru-vascular  system— the  former  con- 
stituting the  soft  parts,  and  the  latter  the  hard  parts,  which  act 
RB  a  mechanical  support  to  the  leaf,  and,  by  their  ramification, 
form  what  are  called  vein*  or  nenu.  The  leaf  is  therefore  an  ap- 
pendicular organ  of  the  stem,  but  it  differs  from  the  latter  or([an 
in  the  vrder  of  ita  development  ;foiwhilniiithaifeain.  the  apex  ia 
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the  youngest  part,  the  reverse  Ls  the  case  in  the  leaf,  where  the 
apex  is  first  formed  and  consequently  the  oldest,  and  is  gradu- 
ally pushed  outwards  by  the  formation  of  the  other  parts  between 
it  and  the  stem. 

The  part  of  the  stem  or  branch  from  which  a  leaf  arises  is 
called  a  nodty  and  the  space  between  two  nodes  an  int-einuKin. 
The  portion  of  the  leaf  next  the  stem  is  termed  its  IxtMy  the 
opposite  extremity  the  apex,  and  the  lines  connecting  the  base 
and  apex  the  margins.  The  leaf  is  commonly  of  a  flattened 
nature,  and  has  only  two  surfaces  ;  but  when  the  parenchyma  is 
greatly  developed  the  leaf  becomes  thick  and  fleshy,  and  is 
said  to  be  fucciUenf ,  and,  in  such  cases,  it  has  frequently  more 
than  two  surfaces.  The  terms  upper  and  lower  are  applied  to 
the  two  surfaces  of  ordinary  leaves,  because  in  by  far  the  greater 
number  of  plants  such  leaves  are  placed  horizontally,  so  that  one 
surface  is  turned  upwards,  and  the  other  downwards.  We  shall 
find  however,  hen^ter,  that  there  are  certain  leaves  which  are 
placed  verticaUy,  as  those  of  some  species  of  Acacia  and  Eu- 
calyptfu,  in  whidi  case  the  margins  are  tinned  upwards  and 
downwards  instead  of  the  surfaces.  The  angle  formed  by  the 
union  of  the  upper  surface  of  the  leaf  with  the  stem  is  called  the 
ojcUy  and  everything  which  arises  out  of  that  point  is  said  to  be 
axiUary  to  the  leaf ;  or,  if  from  the  stem  above,  or  below  the  axil, 
it  is  extroroxUlary ;  or,  as  more  generally  described  when  above, 
tuprorOxiUary  ;  if  below,  infra-axiUary, 

Duration  and  Fall  of  the  Leaf.  — The  leaf  varies  as  regards  its 
duration,  and  receives  different  names  accordingly.  Thus,  when 
it  tails  off  soon  after  its  appearance,  it  is  said  to  be  fugacunis  or 
caducous ;  if  it  lasts  throughout  the  season  in  which  it  is  deve- 
loped, it  is  deciduous  or  annual ;  or  if  beyond  a  single  season,  or 
until  new  leaves  are  developed,  so  that  the  plant  is  never  without 
leaves,  it  is  persistent^  evergreen,  or  perennial. 

When  a  leaf  separates  from  the  stem,  it  either  does  so  by 
decaying  upon  it,  when  it  is  said  to  heiun^aHicidated ;  or  by  an 
articulation,  in  which  case  it  is  articulated.  The  remains  of  a 
non-articulated  leaf,  as  they  decay  upon  the  stem,  are  some- 
times called  reliquim  or  induvix,  and  the  stem  is  said  to  be  tn- 
duviate.  When  a  leaf  separates  by  an  articulation,  it  leaves  a 
iicar  or  ciccUrix  (Jig.  203,  b,  b). 

Parts  of  the  Leaf. — The  leaf  in  the  highest  state  of  develop- 
ment consists  of  three  distinct  parts ;  namely,  of  an  expanded 
portion,  which  is  usually  more  or  less  flattened  (figs.  268  and 
209,  Q,  called  the  UMnvna^  or  blade  ;  of  a  narrower  portion, 
by  which  the  lamina  is  connected  with  the  stem,  termed  the 
petiole  or  leaf-stalk  (p)  ;  and  of  a  portion  at  the  base  of  the 
petiole,  or  of  the  lamina  if  the  petiole  is  absent,  which  either 
exists  in  the  form  of  a  theaili  or  taginvi  (fig.  268,  <i),  encircling  the 
stem,  or  as  two  little  leaf -like  appendages  on  each  side,  which  are 
called  jiifmles  (fig.  269^  s,  s). 
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These  three  portiona  are  hy  aa  mesna  kltrajv  pTMent,  though 
nich  ia  frequently  the  com.     Thva,  the  leaves  of  the  W»ter 


Pepper  (^i^.  268),  and  of  the  TraUing  Sallow  (Jig.  269),  mfty  bo 

taken   as   illuatrationa   of   the   moat   highly  developed   leave*, 

namely, — thoie  in  which  kII  the  parta  are 

Fio.  HiO.  found  ;  but  in  many  pUnta  one  of  theae 

.  I      parts  is  absent,  and  in  some  two,  so  that 

the  leaf  ia  in  anch  caaea  reduced  to  but  two, 

one  of  its  portions  only.     The  petiole 

•  and  the  sheaUi  or  stipttlea  are  those  ^rta 

which  are  more  commonly  absent.     When 

the  petiole  ia  abaent,  the  leaf  ia  said  to  be 

mimle  (fig.   281)  ;   when   the  atipules  are 

abaent,   it  is  rxttipttlate  (fig.  285).      The 

lamina  or  blade  ia  that  part  which  ia  moot 

commonly   present.       The   leaf  is   called 

dmple  if  there  is  bnt  one  blade  (figt.  268 

and  269),  or  compound  if  this  is  divided 

into  two  or    mure    separate    parts  (fig. 

270).      The  lamina  of  the  leaf  is  usaalfy 

that  part  also  which  is  most   developed, 

which  performs  the  most  important  fun<v 

rif  vo  CompooDd  w(  ot  *'<"i*  °^  ths  '^'  *'"i  which  is  also  in  ordi- 

fiobiiiia  ptmiB  -  aaidn,  nary  language  known  under  the  name  of 

with  tplB;  lUpniH  Bi  iu  leaf.     It  is  the  part,  therefore,  which  will 

come  more  particularly  under  our  notioe  ; 

but  before  ire  proceed  to  describe  it  and  the  other  parta  of  the 

leaf  separately,  it  will  be  necessary  for  us  to  treat  of  the  internal 

stnicture  of  leaves,  and  of  their  insertion  and  anangement. 


llfTBSXAL  ETBrCIDBI  Ot  LEAVES. 


2.   THX  IKTEiurjtL  nXDlTl'BB  OP  LEAVIW. 

Le»TM  with  reference  to  their  itructnre  are  divided  intn 
aerial  and  mibmtned  ;  b^  the  former  ii  to  be  undentood  thoee 
that  are  developed  mud  Uvo  entirely  or  partiallj  in  the  air  ;  by  the 
latter,  thoae  that  are  fotmed  and  dwell  wholly  immened  in  water. 

1.  AntlAi  Lbato. — In  the  lowest  leaf-bearing  plantR,  inch 
•a  Moaaea,  the  leaTea  conaist,  aa  we  liaTe  seen,  Bimplj'  of  paren- 
chjmatoiia  tiaoae,  formed  bfthe  growing  outwarda  of  the  paren- 
chyma of  the  circnmf  etence  of  the  Btem  or  branch  ;  while  in  the 
majority  of  the  higher  planta  they  contain,  in  addition  to  tbii 
parendtyma,  a  fnwMwork  or  ikeleton  formed  of  wood-cella  or 
ober-eeUa,  or  of  both,  and  Teaaela  of  different  kinda,  all  of  which 
an  in  direct  connection  with  corresponding  parts  uf  the  fibro-Taa- 
eaiar  system  of  the  stem  or  branch.  We  aiEtingRi«h  therefore, 
insncfa  leMvea,  as  in  the  stem  and  branch,  both  a  parenchymatoua 
and  a  fibro-Tascular  system,  the  former  constituting  the  soft 
parta  or  the  parmehyma  of  the  leaf  ;  the  latter  the  hard  parts, 
which  by  their  ramification  form  what  are  called  veim  or  n«nv(. 

The  whole  of  the  leaf  is  covered  by  the  epidermis,  which  is 
conunonly  famished  with  stomata  in 
the  muiner   already  described.     The  ¥10.  !71. 

stomata  are,  however,  almost  confined 
to  that  portion  of  the  epidermis  which 
comspmids  to  the  parenchyma  of  the   , 
leai.     The  epidermis  is  also  furnished  {-^ 
with  varioDB  appendages,  as    Hairs,  \(^ 
Glands,  and  their  several  modifications,  r^t 
The    ^ndermis    and    its    appendages  |jv^ 
having   been    already  fully  described  )^h 
nnder  their  respective  heads,  it  now  ^ ' 
remains  only  to idlude  to  the  fibro-vascu- 
lar  and  parencbyrnatous  systems  of  the 
leaf  which  are  situated  between  the  epi- 
dermia  of  its  upper  and  lower  surfaces. 

a.  Fibro-vOKvlar  Syitem. — This  is  in     ( 
direct  connection  with  that  of  the  stem         j ' 
or  branch  in  the  three  great  classes  of 
plants  respectively.      We  shall  direct   rig.  vn.  Flbi 
our  attention  more  especially  to  that  of      ''■^S  *"" 
the  leaves  of  Dicotyledonous  plants.  pi.nt  into  1 

The  fibro-vaaculor  system  in  such  Articuiiiicm 
planta  ia  in  by  far  the  majority  of  cases  Shtab^sri 
dovbU,  that  ia,  it  oonsiBlB  of  an  upper  uid  unui* 
lajeT  which  is  in  connection  with  the  Wood-csUi. 
fibro-vaaeolar  system  of  the  wood  {fig. 


(0. 


B  vppm  imyer  ^lergfon  coireaponda  in  its  Btract\n«  to 
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the  wood,  and  the  lower  to  the  liber  ;  hence  the  former  il  cam- 
posed  of  spiral  snd  pitted  vesaels  in  perennial  pl&nti^  and  of  spiial 
and  annular  or  some  other  Teasels  in  herbaceous  plsjita  (Jig.  271, 
t),  and  alio  in  all  cues  of  wood-cells,  /,  beeidne  the  aboTe-DAmed 
veuels  ;  while  the  latter  conBista  essentially  of  liber-cella,  I,  I, 
and  laticiferouB  tissue.  To  whatever  extent  the  fibro-vucnlar 
sjHtem  ma;  branch,  each  division  of  the  upper  layer  aocnrately 
corresponds  at  its  extrenitj  with  a  similar  division  of  tlie  lower 
layer.  This  double  layer  of  the  fihro-vancular  system  ia  T«adi^ 
seen  in  what  are  called  iJctUton  leava,  namely,  those  in  which  the 
parenchyma  between  the  veins  has  been  destroyed  by  maceration 
in  water  or  by  other  means.  Thus  the  leaves  lying  in  a  damp 
ditch  in  the  winter  will  afford  us  good  illustrations  of  these,  and 
those  which  have  been  artificially  prepared  by  maceration  for  • 
sufficient  time  in  acidulated  water,  or  in  other  ways.  Tht 
ramification  of  the  fibro- vascular  system  in  the  lamina  of  the  leaf 
forming  the  veins  or  nerves  will  be  described  presently  under 
the  head  of  venation.     (See  page  151.) 


b.  Parendiyma  or  Mttophyll.~Bj  this  we  understand  the 
parenchymatous  tissue  which  ia  situated  between  the  e[a- 
dermis  of  the  upper  and  lower  surfaces  of  the  leaf  (Jig.  S7S. 
^1  I>*)i  ^nd  which  surrounds  the  ramification  of  the  fibro- 
iitscufar  listen],  ft.     The  parenchymatous  tissue  which  is  found 
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in  immediate  contact  with  the  under  surface  of  the  epidermis  of 
the  upper  surface  d  the  leaf  is  sometimes  distinguished  by  the 
name  A  kypoderma  {fig.  92).  The  parenchyma  varies  in  amount 
in  diflbrent  leaves  ;  thus,  in  ordinary  leaves  it  is  moderately 
devel<n)ed,  and  the  leaves  are  then  thin  and  flattened  ;  while  in 
other  leaves  it  is  formed  in  large  quantities,  when  they  become 
thick  and  fleshy,  and  are  termed  gaccvleiU.  In  ordinary  flat 
leaves  all  the  cells  composing  the  parenchyma  are  commonly  green 
from  containing  chlorophyll  granules  ;  but  in  succulent  leaves 
the  cells  in  the  centre  of  the  parenchyma  are  usually  colourless. 

The  parenchyma  also  varies  in  the  form  and  arrangement  of 
its  component  cells  in  different  parts  of  the  same  leaf  :  thus  in 
ordinary  flat  leaves  we  find  beneath  the  epidermis  of  the  upper 
sur^M^  one  {fig,  273),  two,  or  three  layers  of  oblong  blunt  cells 
{fig.  272,  jm),  placed  perpendicularly  to  the  surface  of  the  leaf. 
These  cells  are  packed  closely  together,  leaving  few  or  no  inter- 
cellular spaces  ;  the  result  of  this  close  packing  is  to  protect  the 
cells  beneath  which  are  filled  with  fluid,  from  x)arting  too  rapidly 
with  their  moisture  under  the  drying  influence  of  the  sun's  rays. 
This  tissue  is  sometimes  termed  palisade  parenchyma,  Hab- 
erlandt  has  recently  stated  that  in  several  plants  these  pali- 
sade cells  are  not  single  cells  but  branches  of  cells.  The  form 
and  arrangement  of  the  cells  beneath  the  epidenuis,  ei,  of  the 
lower  surface  are  entirely  different ;  thus,  here  the  cells,  pi^  are 
loosely  connected  and  have  numerous  large  spaces,  /,  2,  between 
them  ;  they  are  also  frequently  very  irregular  in  form,  present- 
ing commonly  two  or  more  projecting  rays  {fig.  273),  which 
become  united  with  similar  projections  of  the  cells  next  them, 
and  thus  leave  between  them  numerous  spaces  which  communi- 
cate freely  with  each  other,  and  form  a  spongiform  parenchjrma. 
Theee  spaces  are  also  connected  with  the  stomata,  which,  as  we 
have  already  seen,  are  generally  most  abundant  on  the  epi- 
dermis of  the  lower  siuSace,  and  thus  a  free  communication 
is  kept  up  between  the  interior  of  the  leaf  and  the  external 
air,  which  is  essential  to  the  due  performance  of  its  functions. 

Such  ia  the  general  arrangement  of  the  parenchyma  of  aerial 
leaves,  but  it  is  subject  to  various  moditicatious  in  those  of 
different  plants.  Thus  in  leaves  which  have  their  margins 
turned  upwards  and  downwards  instead  of  their  surfaces,  the 
arrangement  of  the  parenchyma  is  similar  beneath  the  epidermis 
of  both  the  siurfaoes  ;  while  in  succulent  leaves  the  parenchyma 
is  composed  of  cells  which  are  \isually  larger  than  those  of  ordi- 
nary leaves,  and  closely  compacted,  or  with  but  few  interspaces. 
In  the  floating  leaves  of  aquatic  plants,  again,  the  spongiform 
parenchyma  is  beneath  the  epidermis  of  the  upper  surface,  and 
the  compactly  arranged  cells  next  that  of  the  under  surface,  the 
position  of  the  two  being  here  completely  reversed. 

2.  SuBMSBSBD  Lkavbs. — These  leaves  are  entirely  made  up 
of  paiencb^yma,  the  ao-called  veins  being  compoaed  Bim^V^  oi 
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more  or  lew  elonf^kted  pareachyinatouB  cells.  Such  leftvea  an 
generally  very  thm,  only  cont&uiing  two  or  three  layen  ol  oeUi, 
*o  that  aJl  the  cell*  are  nearly  in  contact  with  the  water  in  which 
they  are  placed.  The  cells  are  dupoaed  veryr^olarly  and  have 
no  interspaces,  hut  all  contain  chlorophyll  granules.  In  anb- 
mersed  leaves,  however,  which  are  thickened,  we  lindlarge  oavi- 


ties  which  are  very  regular  in  their  form  and  arrangement  {Ji^, 
274,  1,  i)  ;  these  contain  air,  by  which  the  specific  gravity  of  the 
leaf  is  diminished  and  it  is  thus  enabled  to  float  m  the  water. 
Submersed  leaves  have  no  true  epidermal  layer,  and  00  stomata, 
both  of  which  would  be  useless  from  their  being  always  eipoaed 
to  similar  hygrometric  conditions. 

3.    INSBRTIOK'   AND   ARKARGEHENT   OF   LBAVKS. 

1 ,  iNitERTiON.  — The  point  by  which  a  leaf  is  attached  to  the 
stem  or  branch  is  called  its  iturrium.  Leaves  are  insBrted  on 
various  parts  of  the  stem  and  branches,  and  receive  different 
names  accordingly.  Thus  the  first  leaves  which  are  developed 
are  called  cotyledont  {fig.  16,  e,  c),  nurting,  or  Kminal ;  the 
latter  term  however  is  a  bad  one,  because  it  would  indicate 
that  these  are  the  only  leaves  that  exist  in  the  seed,  which  is 
not  the  case,  as  the  gemmule  or  plumule  (Jig.  14,  n)  also  pos- 
sesses rudimentary  ones.  The  cotyledons  are  usually  very  dif- 
ferent in  their  appearance  from  the  ordinary  leaves  which  suc- 
ceed them.  The  first  leaves  which  appear  after  the  cotyledons 
are  termed  primordial  (fig.  16,  d,  il) ;  these,  and  the  cotyledons, 
generally  perish  as  soon  as,  or  shortly  after,  the  devdopment 
of  the  other  ordinary  leaves.  Iieaves  are  called  radieat  when 
they  arise  at,  or  betow,  the  surface  of  the  ground,  andthui^pa- 
rently  from  the  root,  but  really  from  a  shortened  stem,  or  eroten 
of  the  root  as  it  is  commonly  called.  Leaves  are  thus  situated  in 
what  are  termed  acauleacent  plants,  such  as  the  Dandelion  and 
Primrose.  The  leaves  which  arise  from  the  main  stem  are  called 
catdint ;  those  from  the  branches  ramal ;  and  those  from  the 
base  of,  or  upon  the  flower-stalks,  jiond  Uava  or  bract*  {Jig*.  22 
jMid  23.  b,  b). 
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Whm  k  l««f  ariMB  from  the  stem  bj  meKiu  of  a  petiole  it  ia 
Mid  to  be  daOctd  or  pdieiaU  (fig.  269,  p)  ;  when  the  bUde  of  a 
leaf  ia  fixed  to  the  petiole  by  a  point  more  or  leas  irithin  ita 
niaigioa,  aa  in  the  iDdian  Crew  {fig.  276),  and  Castor  Oil  plant 
{fiq.  3SIJ),  the  leaf  ia  termed  }frUult  or  Akid-dtaped ;  when  the 


Fi.;.  nr,. 


petiole  ia  abaent,  so  that  the  bUdo  arisoH  directly  fniiii  the  ateiii, 
it  ia  aaid  to  be  lamilt  (fig.  281) :  when  a  leaf  ia  t-iiknted  at  itn 
baae  and  claapa  the  stem  from  which  it  Bprings,  it  ia  ampU,cieaul 
or  em6nictng  (fig.  276),  aa  in  Fool'a  Panluy  ;  or  if  it  fonna  a 
complete  aheath  around  it,  aa  in  GrasMB  tfenurally  (figg.  277 
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and  3G9,  g),  it  la  aaid  to  be  dttathing.  When  » leaf  ii  pnloDgad 
from  its  iMse,  bo  as  to  form  a  winged  or  leaff  appendaga 
down  the  stem,  as  in  ThiatleB,  it  is  deeurmnt  (fig.  278)  ;  whoi 
the  two  sides  of  the  base  of  a  leaf  project  beyond  Uie  item 
and  unite,  as  in  the  Hare's-ear  ( Jig.  279),  it  is  said  to  be  perfit- 
liate,  because  the  stem  then  appears  to  pass  through  the  blade ; 
or  when  two  leaves  placed  on  opposite  sides  of  the  stem  nnite 
more  or  less  by  their  baseR,  they  are  said  to  be  ctmnaU,  as  in 
the  Teasels  and  some  species  oF  Honeysuckle  (fig.  280). 

2.    ABKANOBMENTOF  LRAVESOSTHESTKMOaPHYIXOTAXW. — 

When  only  one  leaf  arises  from  a  node,  the  leaves  as  they  succeed 
each  other  are  placed  alternately  on  different  sides  of  the  stem, 
and  are  then  said  to  be  aUeraaU  (fig.  234),  When  two  leaTSi 
are  produced  at  a  node,  they  are  usually  situated  on  opposite 
sides  of  the  stem,  in  which  case  they  are  described  as  oppotiie 
(fig.  282) ;  or  when  three  or  more  leaves  arise  from  the  stem  so 
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Fig.  282, 


as  to  be  arranged  around  it  in  the  form  of  a  circle,  th  ly  are  called 
vertkUlate  or  whorUd  (fig.  281),  and  each  circle  is  termed  a 
aerticii  or  whorl.  When  leaves  are  opposite,  the  pain  as  they 
succeed  each  other  usually  cross  at  right  angles,  in  whidi 
case  they  are  said  to  dfctuiiUe  (fig.  282),  and  the  arrangement  is 
called  deciumtuyn.  When  different  whorls  succeed  each  other 
it  also  frequently  happens  that  a  somewhat  similar  arrangement 
occurs,  thofl  the  leaves  of  one  whorl  correspond  to  the  interv&ls 
of  the  whorl  below  it.  There  are,  liowever,  commonly  grc«t 
irregularities  in  this  respect,  and  in  some  cases  the  number  of 
leaves  in  the  successive  whorls  vary,  by  which  their  arnuigement 
becomes  still  more  complicated.  This  is  the  case  for  instance 
in  Lytimachia  mUgaru. 

Only  one  leaf  can  arise  from  the  same  point,  but  it  some- 
times happens  that,  by  the  non-development  of  the  intemodes  of 
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an  aadllmiy  branch,  all  the  leaves  of  that  branch  are  brought  close 
together,  in  which  case  they  form  a  Uift  or  faacide  {fig.  283),  and 
the  leaves  are  then  said  to  be  iufUd  or  fascicUd.  Such  an  ar- 
rangement is  well  seen  in  the  Barberry  and  Lxirch.  That 
fascicled  leaves  are  thus  produced  is  rendered  evident  by  the  fact, 
that  in  the  young  branches  of  the  Larch  the  intomodes  be- 
come elongated  and  the  leaves  are  then  separated  from  each 
other. 

The  laws  which  regulate  the  arrangement  of  leaves  upon  the 
stem  have  of  late  years  been  carefully  investigated  ;  and  when  we 
consider  that  all  the  organs  of  the  plant  which  succeed  the  leaves 
are  formed  on  the  same  plan,  and  follow  similar  laws,  the 
determination  of  these  laws  must  be  considered  to  be  a  matter 
of  much  importance.  It  has  been  supposed  by  some  that 
the  arrangement  of  the  leaves  varies  in  the  different  classes  of 
plants  :  thus,  that  in  Dicotyledons  where  the  cotyledons  or  first 
leaves  which  are  developed  are  opposite,  the  regular  arrange- 
ment of  the  leaves  in  such  plants  is  to  be  opposite  or  whoded 
also ;  and  that  when  they  become  alternate,  this  arises  from 
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/V-  S83.  Fasdcled  or  tufted  leaves  of  tbe 

Lareb. f%sf'  ^84.  A  portion  of  a  branch 

of  tbe  Cberry-tree  with  lix  leaves,  the 
tixih  of  which  ia  placed  vertically  over 
tbe  ilnt.  Tbe  right-hand  llgnre  la  tbe 
nine  branch  magnified,  the  leavex 
baTing  been  removed,  and  nnmbera 
placed  to  indicate  the  points  of  their 
unertion. 


the  prolongation  or  extension  of  the  nodes ;  while  in  Mono- 
cotyledons on  the  contrary,  which  have  normally  but  one  coty- 
ledon, that  the  regular  position  of  the  leaves  is  aUemate,  and  that 
when  they  become  opposite  or  whorled,  this  arises  from  the 
non-development  or  shortening  of  the  successive  internodes. 
The  investigations,  however,  of  Bonnet,  nearly  a  century  ago, 
tended  to  prove  that  all  leaves  and  their  modifications  have 
normally  a  spiral  arrangement  on  the  stem  ;  and  he  was  led  to 
this  belief  by  observing  that  if  a  line  be  drawn  from  the  bottom 
to  the  top  of  a  stem,  so  as  to  touch  in  succession  the  base  of  the 
different  leaves  upon  its  surface,  it  would  describe  a  spiral 
around  it.  He  found  also,  that  the  relation  of  the  leaves  to  one 
another  was  constant,  each  being  separated  from  the  other  by  an 
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equal  distance,  so  that  if  we  started  with  any  particular  leaf  and 
waited  until  another  leaf  was  reached  which  corresponded  ver- 
tically  with  it,  and  then  proceeded  to  the  leaf  beyond  this,  we 
should  find  that  this  would  also  correspond  vertically  with  the 
one  next  above  that  which  we  started  from,  and  so  on  each 
successive  leaf  woidd  be  placed  vertically  over  one  of  the  leavea 
below,  but  that  in  all  cases  in  the  same  plant,  the  number  of 
leaves  between  the  one  started  from,  and  that  which  com- 
sponded  vertically  with  it,  would  be  always  the  same.  Thus  if 
we  take  a  branch  of  the  Apple  or  Cherry-tree  {Jig.  28i),  and 
commence  with  any  particular  leaf  which  we  will  mark  1,  and 
then  proceed  upwards  connecting  in  our  course  the  base  of 
succeeding  leaves  by  a  line  or  piece  of  string,  we  shall  find 
that  we  shall  pass  the  leaves  marked  2,  3,  4,  and  5,  but  that 
when  we  reach  the  one  marked  6,  that  this  will  correspond 
vertically  with  the  1st,  and  then  proceeding  further,  that  the 
7th  will  be  directly  over  the  2nd,  the  8th  over  the  3rd,  tiie  9Ui 
over  the  4th,  the  10th  over  the  5th,  and  the  11th  over  the  6th 
and  1st,  so  that  in  all  cases  when  the  sixth  leaf  is  reached, 
including  the  one  started  from,  a  straight  line  might  be  drawn 
from  below  upwards  to  it,  and  tliat  consequently  there  were  five 
leaves  thus  necessary  to  complete  the  arrangement.  Bonnet 
also  discovered  other  more  complicated  arrangements  in  which 
more  leaves  were  necessary  for  the  purpose.  His  ideas  were 
little  attended  to  at  the  time ;  but  of  late  years  by  the 
researches  of  Schimper,  Braun,  Bravais,  and  others,  his  views 
have  been  confirmed  and  considerably  extended,  and  it  has 
been  shown  that  the  spiral  arrangement  is  not  only  uni- 
versal, but  that  the  laws  which  regulate  it  may  be  reduced  to 
mathematical  precision,  the  formulae  representing  the  relative 
position  of  leaves  in  different  plants  varying,  although  always 
constant  for  the  same  species.  The  examination  of  these  laws 
further  than  to  show  that  the  regular  arrangement  of  leaves 
and  their  modifications  is  in  the  form  of  a  spiral  around  the 
stem,  having  at  present  no  practical  bearing  in  Botany,  however 
interesting  they  may  be  in  a  mathematical  point  of  view,  would 
be  out  of  place  here  ;  we  shall  confine  ourselves  therefore  to  the 
general  discussion  of  the  subject,  and  as  alternate  leaves  are 
those  wliich  will  enable  us  to  do  so  with  most  facility,  we  shall 
allude  to  them  first. 

1.  Alternate  Leaves.  — If  we  refer  again  to  the  arrangement  of 
the  leaves  in  the  Cherry  or  Apple,  we  Hhall  find  that  before  we 
arrive  at  the  sixth  leaf  (fig.  284),  which  is  over  the  first,  the 
string  or  line  used  to  connect  the  base  of  the  leaves  will  have 
passed  twice  round  the  circumference  of  the  branch.  The  point 
where  a  leaf  is  thus  found,  which  is  placed  in  a  straight  line,  or 
perpendicularly  over  the  first,  shows  the  completion  of  a  series 
or  eycUf  and  thus  in  the  Cherry  and  Apple  the  cycle  consists  of 
five  leaves.     As  the  five  leaves  are  equidistant  from  each  otlier, 
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•nd  •■  the  lina  vbidi  ootmecta  them  puteB  twice  round  the  «tem, 
tba  dktknca  of  one  Itml  from  the  (rtJier  will  be  |  of  it*  dicum- 
ftKaca.  like  fraotioB  {,  therafore,  a  the  angular  divergeiue,  or 
nw  of  the  an  int«spc«ed  between  the  iuHrtion  of  two  succei- 
tiv*  k«v«B,  or  their  dittuioe  from  each  other  expresMd  in  p*rta 
ofOM  <aniiiiif«r(aiae  of  the  circle,  th&t  U  |  of  360°- 1U°;  the 
nwiMamtor  indicktea  the  nnmber  of  tunu  made  in  completins  the 
mio,  and  tiia  denominator  the  number  of  leaves  contained  in  it. 
Att  sncmanve  leavet  •■  they  are  produced  on  the  atom,  aa  we 
have  aeon,  are  alao  arranged  in  •unil»r  cycles.  This  arrange- 
inmt  in  cv^ea  of  five  ia  by  b  the  moat  common  in  Dicotyledonous 
plants.    It  ia  termed  the  quinameial,  jMnhMfuAoiw^  oijivt-nmlctd 


A  aecond  variety  of  arrangement  in  alternate  leaves  is  that 
which  ia  called  diMtidunu  or  two-ranked.  Here  the  second  leaf 
ia  abore  and  directly  oppoiite  to  the  first  {^.  286),  and  the 
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third  being  in  like  manner  opposite  to  the  aecond,  it  is  placed 
vertically  over  the  first,  and  thua  completes  the  cycle,  which 
h«re  conaiata  of  but  two  leaves  ;  the  fourth  leaf  again  is  over  the 
•eoond,  and  the  fifth  over  the  third  and  first,  thus  completing  a 
•eoond  pycle  ;  and  so  on  with  the  successive  leaves.  Here  one 
turn  completes  the  apiral,  so  that  the  angular  divergence  is  i  the 
drcnmference  of  a  circle,  or  i  of  360°  ■>  180°.  This  arrangement 
ia  the  norma)  one  in  all  Graasei,  and  many  other  Monocotyle- 
donona  plants ;  and  the  Lime-tree  (Jig.  285),  and  other  Dicotyle- 
donous planta,  exhibit  a  similar  arrangement. 

A  thud  Tuie^  of  an-ai^eniBnt  in  altem&te  le&vea  is  Uie 
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trittidiow  or  three-Tanked  {fig.  286).  Thui,  if  we  start  with  may 
leaf,  and  mark  it  No.  1,  and  then  pau  to  2,  3,  and  4,  we  ahaU 
find  that  we  ihAil  make  one  turn  round  the  stem,  and  th«t  the 
fourth  leaf  is  vertically  over  the  first,  and  thus  completes  a  cycle 
composed  of  three  leaves.  In  like  manner,  the  fifth  leal  will  be 
over  the  second,  the  sixth  over  the  third,  and  the  Eeventh  over 
the  fourth  and  first,  thus  completing  a  second  cycle  ;  and  so  on 
with  the  succeeding  leaves.  Here  the  angular  divergence  ia  i, 
or  one  turn  and  three  leaves,  that  is  ^  of  360° -120°.  This 
arrangement  is  by  far  the  more  common  one  among  Monocoti^le- 
donous  plants,  and  may  be  considered  as  the  moet  charaeteristie 
of  that  class  of  plants,  just  as  the  penlastichous  arrangement  is 
of  Dicotyledons. 

Fio.  M7. 
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A  fourth  variety  of  Phyllotaxia  in  alternate  leaves  is  the 
octadkhiivs  or  aght-Taivkfd.  Examples  of  this  variety  occur  in 
the  Holly  and  Aconite.  In  this  the  ninth  leaf  is  over  the  first, 
the  tenth  over  the  seccind,  the  eleventh  over  the  third,  and  so 
on  ;  thus  taking  eisht  leaves  to  complete  the  cycle  ;  and,  as  the 
spiral  line  here  makes  three  turns  round  the  stem,  the  angtUar 
divergence  will  be  I  of  the  circumference,  that  is  f  of  360°- 136°. 

The  above  are  the  more  common  varieties  of  FhyUotaxis ; 
but  a  number  of  others  also  frequently  occur,  aa  ^,  A,  U,  |5, 
&c.  Other  varieties  met  with  are  i,  \,  I,  ^,  A,  f,,  &c.;  also 
ii  i,  li  i\  I'jt  ^11  ^'  '•  "*  '■^"^  others  of  a  rarer  occurrence. 
These  become  more  complicated  as  the  number  of  leaves,  &c, 
in  the  spire  is  increased  ;  but  in  those  cases  where  the  leaves, 
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&c,  are  lo  numerous  m  to  be  close  to  each  other,  as  in  the 
ScTOw-pine,  the  Pineapple  (fig.  287),  and  in  the  fruit  of  Coni- 
ferouB  plants  {fig,  288),  the  spiral  arrangement  is  at  once 
evident. 

By  placing  the  fractions  representing  the  angular  divergence 
in  the  different  yarieties  of  Phyllotaxis  side  by  side  in  a  line, 

UlUB  .        I,    3,  -gy     g,    jj,     3,,   34,   J^,     iXi^.f      4,   f,     g,    14,   jj,    jf,    O.C.,     WO 

see  at  once  that  a  certain  relation  exists  between  them  ;  for  the 
numerator  of  each  fraction  is  composed  of  the  sum  of  the  nu- 
merators, and  the  denominator  of  the  sum  of  the  denominators 
of  the  two  preceding  fractions  ;  also  in  the  first  series,  that  the 
numerator  of  each  fraction  is  the  denominator  of  the  next  but 
one  preceding.  By  applying  this  simple  law  therefore  we  may 
continue  the  series  of  fractions  representing  the  angular  diver* 
gence,  Ac ,  thus  ; — H,  j^<,  j^^,  &c.  It  should  be  mentioned 
with  respect  to  the  laws  of  Phyllotaxy,  that  they  are  frequently 
interfer^  with  by  accidental  causes  which  produce  corresponding 
interruptions  of  growth,  so  that  it  Lb  then  difficult,  or  altogether 
imjKMsible,  to  discover  the  regular  condition. 

All  the  above  varieties  of  Phyllotaxis  in  which  the  angular 
divergence  is  such  that  by  it  we  may  divide  the  circumference 
into  an  exact  number  of  equal  parts,  so  that  the  leaves  complet* 
ing  the  cycles  must  be  necessarily  directly  over  those  commenc* 
ing  them,  are  called  rediaerial ;  while  those  in  which  the  diver- 
gence is  such  that  the  circumference  cannot  be  divided  by  it 
into  an  exact  number  of  equal  parts,  and  thus  no  leaf  can  be 
placed  precisely  in  a  straight  line  over  any  preceding  leaf,  but 
dispoBed  in  an  infinite  curve,  are  termed  curviserUd.  The  first 
forms  of  arrangement  are  looked  upon  as  the  normal  ones  ;  the 
latter  will  show  the  impossibility  of  bringing  organic  fonns  and 
arrangements,  in  all  esses,  under  exact  mathematical  laws. 

vTe  have  Uius  endeavoured  to  show  that  when  leaves  are  al- 
ternate, the  successive  leaves  form  a  spiral  round  the  axis.  The 
Kpire  may  either  turn  from  right  to  left,  or  from  left  to  right. 
In  the  majority  of  cases,  the  direction  in  both  the  stem  and 
branches  is  the  same,  and  it  is  then  said  to  be  homodi-omcms  ; 
but  instances  also  occasionally  occur  in  which  the  direction  is 
different,  when  it  is  called  heterodromatis, 

2.  Opposite  and  Whorled  Leaves. — We  have  already  observed 
with  regard  to  these  modifications  of  arrangement,  that  the  suc- 
cessive pairs,  or  whorls  of  leaves,  as  they  succeed  each  other 
(page  142),  are  not  commonly  inserted  immediately  over  the 
preceding,  but  that  the  second  pair  (fi^.  282),  or  whorl,  is  placed 
over  the  intervals  of  the  first,  the  third  over  those  of  the  second, 
and  so  on.  Here,  therefore,  the  third  pair  of  leaves  will  be 
directly  over  the  first,  the  fourth  over  the  second,  the  fifth  over 
the  third,  and  so  on.  This  arrangement  occurs  in  plants  of  the 
Labiate  order,  and  is  called  decussation,  as  previously  noticed. 
In  some  cases  ihe  succeeding  ptdrs,  or  whorls,  are  not  t\i\x& 
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placed  directly  over  the  intervals  of  those  below,  but  a  little  on 
one  side,  so  that  we  shall  have  to  pass  to  some  higher  pair  or 
whorl  than  the  third,  before  we  arrive  at  one  which  is  plaoed 
directly  over  the  first.  Such  arrangements,  therefore,  oleariy 
show  that  the  successive  pairs  and  whorls  of  leaves  are  arranged 
in  a  spiral  manner  with  regard  to  each  other.  Opponte  leaves 
may  be  thus  looked  upon  as  produced  by  two  spirab  proceeding 
up  the  stem  simultaneously  in  two  opposite  directions,  and  the 
whorl  as  formed  of  as  many  spirals  as  there  are  oomponent 
leaves. 

3.  PhyUotctxis  in  different  Natural  Orders,  dx. — ^The  altenm- 
tion  and  opposition  of  leaves  is  generally  constant  in  the  same 
species,  ana  even  in  some  cases  throughout  entire  natural  orders  ; 
thus,  the  Borage  order  (Baragiiiace«)  have  alternate  leaves  ;  the 
Pink  order  {CaryaphyUacese),  opposite ;  the  Labiate  order  {Lor 
biatss),  opposite  and  decussate  ;  the  Leguminous  order  (-Z^Wm- 
mino8a)f  alternate  ;  the  Rose  order  (iSosocea),  alternate,  etc 
While  the  opposition  or  alternation  of  leaves  may  be  thus  shown 
to  be  constant  throughout  entire  natural  orders,  yet  the  change 
from  one  arrangement  to  another  may  be  sometimes  seen  upon 
the  same  stem,  as  in  the  common  Myrtle  and  Snapdragon. 
Other  opposite- leaved  plants  also  often  exhibit  an  alt^nate  ar- 
rangement at  the  extremities  of  their  young  branches  when 
these  grow  very  rapidly.  In  other  cases  alternate  leaves  may 
become  opposite,  or  whorled,  by  the  non-development  of  the 
successive  intemodes  by  interruptions  of  growth  ;  or,  if  the  whole 
of  the  intemodes  of  a  branch  become  non-developed,  the  leaves 
become  tufted  or  fascicled  (fig,  283),  as  already  noticed.  (Gene- 
rally, however,  the  relative  position  of  leaves  is  so  constant  in 
the  same  species  that  it  forms  one  of  its  characteristic  distinctions. 

The  arrangement  of  leaves  probablv  influences,  in  some  d^ree 
at  least,  the  form  of  the  stem  and  branches.  Thus,  a  certain 
amount  of  alternation  commonly  leads  to  a  rounded  form  of 
stem  or  branch,  an  opposite  or  whorled  arrangement,  to  an 
angular  stem  or  branch ;  for  instance,  the  Labiate  order  of 
plimts,  which  have  opposite  and  decussate  leaves,  have  square 
stems  ;  in  the  Nerium  Oleander  ^  where  the  leaves  on  the  young 
branches  are  placed  in  whorls  of  three,  the  stem  has  three  angles ; 
and  in  the  species  of  Oalium  and  Ruhiay  which  have  whorled 
leaves,  the  stems  are  always  angular.  M.  Cagnat  and  others 
)iave  also  endeavoured  to  show  that  the  arrangement  of  the 
leaves  has  a  direct  influence  upon  the  forms  of  uie  wood,  bark, 
and  pith  ;  either  upon  one  of  these  parts  only,  or  sometimes 
upon  them  all ;  but,  althouy^h  some  curious  relations  have  been 
found  to  exist  between  the  arrangement  of  the  leaves  and  the 
form  of  certain  parts  of  the  stem,  yet  it  is  not  possible  at  present 
to  deduce  any  general  laws  regulating  the  relations  between 
them. 

3.  Arbanoement  of  the  Leaves  in  the  Bud,  or  Yibha- 
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noir. — "Halving  now  dawribed  the  general  amngement  of  leaver 
irben  in  a  fnUy  formed  and  expanded  state  upon  the  stem  or 
farandif  we  have  in  the  next  place  to  allude  to  the  different 
modea  in  which  they  are  disposed  while  in  a  rudimentary  and 
onexpanded  condition  in  the  bud.  To  these  modifications  the 
seneral  name  of  Vemaiiaih  (the  spring  state),  or  Prxfoliation  has 
been  applied.  Under  this  head  we  include  : — 1st,  The  modes  in 
which  eiLdi  of  the  leaves  considered  independently  of  the  others 
is  dispoaed  ;  and,  2nd,  The  relation  of  the  several  leaves  of  the 
same  bad  taken  as  a  whole  to  each  other.  In  the  first  pUce  we 
shall  consider  the  modes  in  which  each  of  the  leaves  considered 
separately  is  disposed.  We  arrange  these  aeain  in  two  divi- 
■ioDS  : — ^Ist,  Those  in  which  the  leaf  is  simply  bent  or  folded  ; 
and  !2iid,  Tlioee  where  it  is  rolled.  Of  the  first  modification  we 
have  three  varieties : — Thus,  1st,  the  upper  half  of  the  leaf  may 
be  bent  upon  the  lower,  so  that  the  apex  approaches  the  base 


Fio.289.    Fig.  290.    Fio.  291. 


Fig.  292. 


Fig.  293. 


Fio.  294, 
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Fig.  296. 


Fff.  tn,  TotUmI  iMtlon  of  a  neliiwte  leaf. Fig.  990.  Transrene  Motion 

ct  a  oondnpllaate  leaf. Ffg.  391.  Traosrene  Motion  of  a  plaited  or  pli- 
cate laat Fig.  299.  Vertical  section  of  a  cirdnate  leaf. Fig,  393. 

Tnawrevweectioa  ot  a  cooTolate  leaf. Fig.  394.  TraiuverM  sectton  of 

a  levoliite  ImL Fig.  395.  TraDarene  Motion  of  an  inrolate  leaf. 


(Jig.  289),  as  in  the  Tulip-tree,  it  is  then  said  to  be  reelinaie  or 
it^€3Ded ;  2nd,  the  right  half  may  be  folded  upon  the  left,  the  ends 
and  nddiib  or  axis  of  the  leaf  remaining  immovable  {fig.  290), 
as  in  the  Oak  and  Magnolia,  when  it  is  called  conduplicate  ;  or, 
3rd,  eadi  leaf  may  be  folded  up  a  number  of  times  like  a  fan 
(Jig.  291),  as  in  the  Sycamore,  Currant,  and  Vine,  when  it  is 
piiUed  or  f^icate.  Of  the  second  modification  we  have  four 
varieties  : — 1st,  the  i^x  may  be  rolled  up  on  the  axis  of  the 
leaf  towards  the  base,  like  a  crosier  (Jig.  2^),  as  in  the  Sundew 
and  Ferns,  when  it  is  cireinaie ;  2nd,  the  whole  leaf  may  be 
roDed  up  from  one  margin  into  a  single  coil,  with  the  other 
margin  exterior  (Jig.  293),  as  in  the  Apricot  and  Banana,  in 
whidi  ease  it  is  eonvoMe  ;  3rd,  the  two  margins  of  the  loai  m«^ 
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both  be  rolled  inwards  on  the  upper  surface  of  the  leaf,  towardu 
the  midrib,  which  remains  immovable  {fig,  295),  as  in  the 
Violet  and  Water-lily,  when  it  is  involvte ;  or,  4th,  the  two 
margins  may  be  rolled  outwards  or  towards  the  midrib  on  the 
lower  surface  of  the  leaf  (Jig,  294),  as  in  the  Dock  and  Azalea, 
in  which  case  it  is  rewluU. 

We  pass  now  to  consider,  secondly,  the  relation  of  the  Beveral 
leaves  of  the  same  bud  taken  as  a  whole  to  each  other.  Of 
this  we  have  several  varieties  which  may  be  also  treated  of  in 
two  divisions : — 1st,  those  in  which  the  component  leaves  are 
fiat  or  slightly  convex  ;  and  2nd,  where  they  are  bent  or  roUed. 
Of  the  first  division  we  shall  describe  three  varieties  : — lot,  that 
in  which  the  leaves  are  placed  nearly  in  a  circle  or  at  the  same 
level,  and  in  contact  by  their  margins  only,  without  overlapping 
each  other  (fig.  296),  when  they  are  valvate  ;  2nd,  that  in  wnich 


Fio.  29G 


Fig.  297. 


Fio.  298. 


Fig.  299. 


Fig.  800. 


Fio.  801. 


Fig.  302. 


Ffff.  206.  TranBTcrsc  jicction  of  a  btid  to  show  the  leaTce  arruifred  In  a  tH- 

rate  iranner. Fig.  207.  Tnuisverse  eectlon  of  a  bad  to  show  imbrlGate 

▼eraation. Fig.  29P.  Transverwi  pection  of  a  bud  to  show  twisted  or 

spiral  Tcmation. Fig.  209.  Transverse  section  of  a  bud  to  show  indn- 

plicate  ,vemation. Fig.  800.  Tnuisversc  section  of  a  bud  showin|[^  eqtii- 

tant  vernation. Fig.  301.  Transverse  section  of  a  bud  showing  obvolnte 

vernation. Fig.Z02.  Transverse  section  of  a  bud  showing  supervolute 

vernation. 

the  leaves  are  placed  at  different  levels,  and  the  outer  sucoes- 
sivel}'  overlap  the  inner  to  a  greater  or  less  extent  by  their  mar- 
gins (fig,  297),  as  in  the  Lilac,  and  in  the  outer  scales  of  the 
Sycamore,  whun  they  are  said  to  be  imlmcate  ;  and  3rd,  if  when 
leaves  are  placed  as  in  imbricated  vernation,  tlie  margin  of  one 
leaf  overlaps  that  of  another,  while  it,  in  its  turn,  is  overlapped 
by  a  third  (fig.  298),  the  vernation  is  ttvisted  or  spiral.  Of  the 
second  division,  viz.  where  the  component  leaves  of  the  bod  are 
bent  or  rolled,  we  shall  describe  four  varieties  ; — 1st,  when  invo- 
lute leaves  are  applied  together  in  a  circle  without  over- 
Japping  (Jig.  299),  they  are  said  to  be  indiipUeaU ;  2ndy  if  the 
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leATM  are  ooaduplicate,  and  the  outer  Buocessively  embrace  and 
■it  astride  of  those  next  within  them  as  if  on  a  saddle  {Jig, 
300),  as  in  Privet,  and  the  leaves  of  the  Iris  at  their  base,  they 
are  equiiaiU  ;  3rd,  if  the  half  of  one  oonduplicate  leaf  receives 
in  its  fold  the  half  of  another  folded  in  the  same  manner  {Jig. 
301),  as  in  the  Sage,  the  vernation  is  half-eauitatU  or  ohvoltUe  ; 
and  4th,  when  a  convolute  leaf  encloses  another  which  is  rolled 
up  in  a  like  manner  {Jig,  302),  as  in  the  Apricot,  the  vernation 
is  gimervoluU. 

The  terms  thus  used  in  describing  the  different  kinds  of  ver- 
nation axe  also  applied  in  like  manner  to  the  component  parts  of 
the  flower-bud,  that  is,  so  far  as  the  floral  envelopes  are  con- 
cerned, under  the  collective  name  of  eutivation  or  praffloratiati. 
We  shall  have  therefore  to  refer  to  them  again,  toffether  with 
Mme  others,  not  found  in  the  leaf-bud,  when  speaking  of  the 
flower-bud. 

4.   LAMINA  OR  BLADE. 

We  have  already  seen  that  the  leaf  (Jigs.  268  and  269)  in  its 
most  highly  developed  state  consists  of  three  parts  ;  namely,  of 
a  lamina  or  blade^  a  petiole  or  sfalkj  and  of  a  dipiilar  or  vaginal 
portion.  We  have  now  to  describe  each  of  these  portions,  com- 
mencing with  the  lamina  or  blade. 

Vknation. — The  term  venation  is  applied  generally  to  indi- 
cate the  various  modes  in  which  the  veins  are  distributed 
throughout  the  lamina.  These  veins  have  also  been  called 
nerveSy  and  their  distribution  nervation ;  but  the  latter  terms,  by 
indicfl^R  an  analogy  which  does  not  exist  between  them  and  the 
nerves  of  animals,  are  better  avoided  ;  hence  we  shall  in  future 
always  use  the  terms  veins  and  venation. 

In  some  plants,  as  Mosses,  those  living  under  water,  &c. ,  the 
leaves  have  no  fibro- vascular  skeleton,  and  consequently  no  true 
veins,  and  are  hence  said  to  be  veinless ;  while  in  succulent  plants 
the  veins  are  hidden  more  or  less  from  view,  in  consequence  of 
the  great  development  of  parenchyma,  in  which  case  the  leaves 
are  termed  hidden-veined. 

In  those  leaves  where  the  veins  are  well  marked,  they  are 
subject  to  various  modifications  of  arrangement,  the  more  im- 
portant of  which  need  only  be  mentioned  here.  Thus,  when 
there  is  but  one  large  central  vein,  proceeding  from  the  base  to 
the  apex  of  the  lamina,  and  from  which  all  the  other  veins  pro- 
ceed, such  a  vein  is  called  the  midrib  or  costa  {Jig.  303)  ;  or 
when  there  are  three  or  more  large  veins,  which  thus  proceed 
from  the  base  to  the  apex  {Jig.  304),  or  to  the  margins  {Jig.  305), 
of  the  lamina,  the  separate  veins  are  then  termed  ribs.  The 
divisions  or  primary  branches  of  the  midrib,  or  of  the  separate 
ribs,  are  commonly  called  veiru  ;  and  their  smaller  ramifications 
veifUeU, 
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Then  ue  two  mftrkod  modiBcktioo*  of  raoation.  In  A» 
fint  modificstioii,  the  fibro-vucuUr  tiMne  aa  it  entcn  Um  lnwlna 
IB  either  continued  u  the  midrib  (Jig.  303),  or  it  diridM  into 
twoormore  nh^{Jig».  304  uidSOd);  and  from  this  midrib  or 
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rib*  other  veins  are  giiven  off ;  and  from  them,  in  like  maimer, 
■mailer  ramificationB  or  veinjeta  ariw,  which  tmite  with  one 
anotheraoaa  to  form  a  kind  of  network.  Or,  intheaeemdmodi- 
fiMtjon,  the  £bro-Ta«culBr  tiague  ia  either  continued  aa  a  midrib 
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taaa  Uw  (mm  to  the  ^mk  of  ths  lamina,  giving  off  from  its  ridei 
odnr  'nilH,  whic^  mn  parallel  to  the  margins,  and  which  ara 
ninphr  conneeted  by  nntwanched  veinlota  (figa.  SOU,  b,  and  313) ; 
or  it  oividMKt  once  into  leTsral  veins  or  riba,  which  piooeed  from 
the  bMe  to  the  wex  (Jig.  311),  or  margin*  (Jig.  312)  of  the  blade, 
mm  or  Imb  paraliel  to  each  other,  and  are  in  like  manner  con- 
iMOted  oahrbjraim^e  onbranched  veinleta  {Jig.  306,  a).  The 
leKTca  whiot  exhibit  the  finrt  modification  of  venation  are  called 
rtlieitlatml  or  mMtA'teintd  leave*,  and  occur  univerullj  in  Dioo- 
tjledioaoas  planta  ;  and  thoae  which  preaent  the  lecoud  modifi- 
datiiDn  are  tiaiiiiiil  paraUd-veitied  leaves,  and  are  characteriatio 
with  acMBe  few  akoeptiona  of  Monocotyleidonona  plants. 

Theae  twomodinaationaare  alaombject  to  certain  vaiiationi, 
Kane  tt  whidi  muat  be  now  noticed. 


L  VaritUtM  of  Betiailaied  or  NHUd  Vtnatwn. 


IriplB-rlbbed  Ital  at 


A.  FeatKer-vmtid  or  FiwiaUly-^ned.—In  thia  variety  the 
midrib  either  girea  off  lateral  veiiM  that  proceed  at  once  to 
the  loargini,  and  which  are  connected  by  numerous  branching 
ninM^  aa  in  the  leavea  of  the  Beech,  Spanish  Cheatnnt  {Jig. 
307),  m^.  Oak  (jfy.  308);  or  the  midnb  gives  oft  \)m«ib« 
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from  its  sides,  which  proceed  at  first  towards  the  max^gins,  and 
then  curve  towards  the  apex,  terminating  finally  within  the 
margins,  with  which  they  are  connected  hy  small  veins,  m  in 
the  Dead-nettle  (^i^.  309),  and  Lilac.  The  latter  modification 
of  arrangement  is  sometimes  termed  tnie  netted  venation. 

B.  Radiated  or  Palmately'Veined. — This  name  is  applied  to  a 
leaf  which  possesses  two  or  more  ribs  that  arise  from  at  or  near 
the  base  of  the  lamina,  and  diverge  from  each  other  towards  its 
margins,  and  are  connected  by  branching  veins,  as  in  the  Melon 
{fig.  305)  and  Castor  Oil  plant  {fig.  327).  The  ribbed  venoiton,  as 
seen  in  the  Cinnamon  {fi>g.  304),  is  but  a  modification  of  this 
variety,  in  which  the  ribs,  instead  of  diverging  from  each  other, 
run  in  a  curved  manner  from  at  or  near  the  base  of  the  blade  to 
the  apex,  towards  which  they  converge ;  such  ribs  being  con- 
nected together  by  branching  veins.  If  a  ribbed  leaf  has  three 
ribs  proceeding  from  the  base,  it  is  said  to  be  three-rihhed  or  iri- 
costate  ;  if  five,  five-rVyhed  or  quinq^iecostate  ;  if  more  than  five, 
multieostate.  If  the  midrib  of  such  a  leaf  gives  ofif  on  each  aide, 
a  little  above  its  base,  another  rib,  it  is  said  to  be  tripU-ribbed  or 
triplicodate,  as  in  the  common  Sunflower  {fig.  310,  6) ;  or  if 
two  such  ribs  arise  on  each  side  of  the  midrib,  it  is  termed 
quinU^ple-ribhed  or  quiniuplinostate.  These  ribbed  leaves  have 
frequently  a  great  resemblance  to  parallel-veined  leaves,  from 
which,  however,  they  may  be  at  once  distinguished  by  their  ribs 
being  connected  by  branching  veins. 

2.   Varieties  of  Parallel  Venation, 

The  term  parallel- veined  is  not  strictly  applicable  in  all  cases, 
for  it  frequently  happens  that  the  veins  are  radiated,  but  from 
the  difficulty  of  finding  a  name  which  will  comprise  all  the  modi- 
fications to  which  such  leaves  are  liable,  it  must  be  understood 
that  we  apply  the  term  parallel- veined  to  all  leaves  in  which 
the  main  veins  of  the  latnina  are  more  or  less  parallel  and  simply 
connected  by  unbranched  veinlets. 

There  are  certain  characteristic  variations  of  parallel  vena- 
tion. Thus,  the  main  veins  may  either  proceed  in  a  somewhat 
parallel  direction  from  the  base  to  the  apex  of  the  lamina,  to 
which  point  they  converge  more  or  less  {fig.  311),  as  in  the 
ordinary  ribbed  variety  of  reticulated  leaves  already  noticed, 
and  are  connected  by  simple  unbranched  transverse  veinlets  ; 
or  they  diverge  from  each  other  towards  the  circumference  of 
the  blade  {fig.  312),  as  in  the  radiated-veined  variety  of  reticu- 
lated leaves,  and  are  likewise  united  by  cross-veinlets.  The 
leaves  of  GrasAes,  Lilies,  and  the  common  Flag,  may  be  taken 
as  examples  of  the  first  variety ;  and  those  of  many  Palms  of  the 
second. 

Or,  the  leaves  may  have  a  prominent  midrib,  as  in  the 
feather- veined  variety  of  reticulated  venation,  giving  afT  from 
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ito  mdfiB  along  Ha  whole  length  other  Teiiu,  which  proceed  parallel 
to  e>eh  other  in  »  straight  or  curved  direction  towards,  and  lose 
thenudvea  in,  the  margins  {Jigs.  313  and  306,  b)  ;  and  are  con- 
nected, aa  in  the  last  varietj,  by  nnbranched  veinleta.  The 
Banana,  the  Plantain,  and  allied  plants,  fumiah  ua  with  ex- 
amploa  of  thia  Tariety.  Thin  latter  -varietj  is  sometiniea  dis- 
tiaguiahed  as  the  eurvt-vcitied,  the  former  being  commonly  known 
■a  the  tlraiglU-vemtd  or  panUUl-Ttmed. 

Fio.  S13. 
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wittj  of  panllel  Toiitlon.u  hoi  In  the  B-inuiL 
'       '    "       ■    '  ■  'ron J) ;  the  nmrjiiu  sre  ere- 

Veaaiion  of  iht  Leavei  of  Aojfykdoiunu  Planli.  —Besides  the 
aboTe  Tarieties  of  reticulated  and  parallel  venation  as  found  in 
Dicotyledonous  and  Monocotyledonous  plants,  the  leaves  (Jrondt) 
of  Perns,  and  those  of  other  Acotyledonnua  plants  which  poasew 
Tein»,ppeaentiM  with  a  third  variety  ;  thus,  in  these  the  primary 
venation  may  be  foather-reined  or  radiated-veined,  but  the  whole 
of  tlieir  principal  veins  either  divide  afterwards  in  a  forked 
manner  (fig.  314),  or  their  terminal  ramifications  are  thus 
divided.  Such  a  variety  of  venation  has  therefore  been  called 
FvTvaU  ta/oritd. 


IH  COHPOSITIOK  or  UUTSB. 

The  leaTM  of  the  three  groftt  clawee  of  planta  jii  i  mil  it  na, 
therefore,  with  three  different  varieties  of  veiwtion  :  thna,  tluM 
of  Dicotyledons  ore  rttiailaitd  ;  thoie  of  Uonoco^ledoau  pth 
raUtt  ;  and  those  of  Aootylodona,  forked. 

CoXFOSiTTON. — Leaves  are  divided  into  Mnpfa  and  commmd. 
Thni  a.  Uai  is  called  timple  if  it  haa  oolj  one  blade  {Jig».  308 
and  304),  however  mucK  thia  may  be  divided,  ao  tha^  the 
divifione  do  not  extend  to  the  midrib  ( J^.  3S0),  or  petiole  {figi. 
326  and  327)  ;  or  in  some  caaea  the  divuions  may  even  extrad 
to  the  midrib,  or  p«tiole,  but  the  leaf  is  stUl  called  simple  when 
the  parte  int«  which  the  lamina  is  divided  are  attached  by  a 
broad  base,  as  in  fig.  323.  (See  Incision,  page  158.)  A  leaf  is 
termed  compound,  when  the  petiole  dividea  so  as  to  separate  the 
blade  into  two  or  more  portiona,  each  of  which  bears  the  same 
relation  to  the  petiole  as  the  petiole  itself  doee  to  the  item  or 
branch  from  whence  it  arises  (fig.  270).  The  separated  portiom 
of  a  compound  leaf  are  then  called  liiafleU  arfotiole*  ;  and  these 
may  be  either  eeiuile  {fi^t.  369-361),  or  have  stalks  {fig.  373), 
each  of  which  is  then  termed  a  peHolvlt,  ttaikUt,  or parttaipdMt, 
and  the  main  axis  which  lupporta  them,  the  rocAii  or  oonutum 
petiole.  The  leaflets  of  a  compound  leaf  maj  be 
Fio  31G  Kcneiallyat  once  distinguished  from  the  separate 

leaves  of  a  branch,  from  the  fact  of  their  being 
"^  all  situated  in  the  same  plane. 

A  simple  leaf  has  never  more  than  one  arti- 
culation, which  is  placed  at  the  point  where  it 
joins  the  stem  ;  but  a  compound  leaf  frequently 
presents  two  or  more  articulations :  thus,  beaidea 
the  common  articulation  to  the  stem,  each  of 
the  separate  leaflets  may  be  also  articulated  to 
the  common  petiole.  (See  also  page  174.)  Thia 
character  frequently  forms  a  good  mark  of  dis- 
tinction between  simple  and  compound  leaves,  for 
although  it  ia  quite  true  that  many  compound 
leaves  only  present  one  articulation,  and  can  then 
only  be  distiiiEuished  from  those  simple  Isavee 
which  are  divided  to  their  midribs  or  petioles  by 
Fig.  »ti.  Leaf  D(  thegreater breadthof  attachmentofthediviaiona 
Onngc  (cwru  in  the  latter  instances  ;  yet,  if  such  leaflets  are  ar- 
wiwd'^wtiofe  ticulated  to  the  common  petiole,  their  compound 
QRicuistedtotiw  nature  is  at  once  evident.  The  presence  of 
^taim,  t.  more  than  one  articulation  is,  therafore,  posi- 

tive proof  an  to  the  compound  natun  of  a  leaf, 
but  the  absence  of  such  artioulation  does  not  neeesHarily  prove 
it  to  be  simple,  as  is  sometimes  stated.  We  thus  look  npon 
the  leaf  of  the  common  Orange,  which  consists  of  only  a  single 
blade  (fig.  316,  I),  as  compound,  because  ita  petiole,  p,  is  not 
only  articulated  to  the  stem,  but  the  blade  is  aJeo  m"  '  " 
to  the  petiole.     There  are,  however,  -  ' 
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1mt6B  in  a  taremitioiui]  state  between  limple  and  compound,  to 
that  it  is  impoenble  in  all  cases  to  draw  a  distinct  line  of 
demaicaticm  between  them.  We  shall  now  treat  in  detail  of 
simple  and  oompound  leaves. 

1.  Sums  LxATBS. — ^The  modifications  which  simple  leaves 
psesent  as  regards  their  margins,  general  outline,  form,  and  other 
Taiiationa  of  their  blades,  are  extremely  numerous  ;  hence  we 
raq[oize  a  oonesponding  number  of  terms  to  define  them.  These 
terma  are  also  applied  in  a  similar  sense  to  describe  like  modi- 
ficationa  of  the  o^er  oompound  organs  of  the  plant  which  possess 
a  definite  ahi^  and  form,  as  the  parts  of  the  calyx,  corolla,  &c. ; 
and  also  to  those  of  the  stipules,  and  the  leaflets  of  a  compound 
leaL  It  is  absolutely  necessary  therefore  that  the  student  should 
become  thoroughly  acquainted  at  once  with  the  more  important 
modifications  to  which  the  blades  of  leaves  are  subject.  It  was 
thought  by  DeCandolle  that  the  shape  of  the  lamina  depended 
upon  the  distoibution  and  length  of  the  veins,  and  the  extent 
01  parenchvnia  whkdi  is  developed  between  them  ;  the  ffeneral 
outline  or  ngioe  bong  determined  by  the  former,  and  l£e  con- 
dition of  the  maxgins  by  tiie  latter.  But  although  these  views 
have  been  provaato  be  incorrect  in  a  scientific  point  of  view, 
still,  if  this  be  borne  in  mind,  it  is  convenient,  to  say  the  least, 
to  study  the  ahnost  infinite  modifications  of  the  lamina  of  leaves 
with  reference  to  his  views,  as  it  is  always  found  that  there  is  a 
mutual  aduytation  between  the  venation  of  the  leaf  and  its 
general  outlina  We  shall  therefore  describe  the  various  modi- 
fications of  the  lamina  tojiome  extent  after  this  manner,  and  in 
doing  so  we  shall  divide  our  subject  into  five  heads  as  follows  : — 
1.  Margin$ ;  2.  Indnon  ;  3.  Apex  ;  4.  General  Chitline ;  5. 
Form. 

1.  Margint, — We  have  already  stated  that  the  condition  of 
tlie  maigins  is  dependent  upon  the  extent  to  which  the 
parenchyma  is  developed  between  the  veins  of  the  lamina. 

Fio.  816. 


Fig,  SIS.  Diagram  of  the  margint  of  Imtos.    o.  Blcrenate.    h.  Biserrate. 

c.  Daplic«to<dentate. 

Thus,  if  the  parenchyma  completely  fills  up  the  interstices 
between  the  vems,  so  that  the  margins  are  perfectly  even,  or  free 
frmn  every  kind  of  irregularity,  the  leaf  is  efidirt  (Jigs.  311  and 
315),  as  in  the  Orchis  tribe.  When  the  parenchyma  does  not 
reach  the  maxgins,  but  terminates  at  a  short  distance  within  them, 
ao  that  the  margins  are  indented,  we  have  several  modifications, 
which  are  cUatmguished  by  characteristic  terms.    Thus,  if  the 


108  UABOINB  O?  LSATBS. 

marginB  present  aharp  indentatioiu  like  the  teeth  of  m  MW,  and 
all  point  to  the  apex,  the  leaf  is  itrrait  (figs.  309  and  343),  M 
in  the  coromoD  Dead-nettle  ;  ur,  if  similar  teeth  point  towuda 
the  base,  tbe  leaf  is  described  ilb  rtlroMrrait  ;  if  theae  t«eth  arc 
themselves  serrate,  it  is  bintrraU  (figs.  316,  b,  and  332),  aa  in  the 
Elm,  aad  Nettle-leaved  Bell-flower  ;  or  when  the  mai^cina  are 
minutely  serrate  they  are  termed  terrulate,  aa  in  Barotma  ktto- 
ti/ulia.  When  the  teeth  are  sharp,  but  do  not  point  in  any  parti- 
cular direction,  and  are  separated  by  can  cavities,  the  leaf  is  rtentafe 
or  toothed  {fig*.  306  and  338),  as  in  the  Melon,  and  Uie  lower 
leaves  of  the  Com  Bluebottle  ;  or  when  the  teeth  are  thetnadTW 


divided  in  a  similar  manner,  it  is  dupltealo-deniaU  (fig.  316,  e). 
When  the  teeth  are  rounded  (fig$.  314  and  344)  the  leaf  is  errnaie, 
as  in  Horseradish,  and  Ground  Ivy  ;  or  if  these  teeth  are  them- 
selves crenate  it  in  bicrenate  (fig,  316,  a) ;  orwhen  the  lesj  is  mi- 
nutely crenate  it  is  said  to  be  cremtfoted.  When  the  margins 
present  alternately  deep  concavities  and  convexities  it  is  airuiated, 
as  in  some  Oaks  (fig.  317).  This  kind  of  leaf  is  sometimes  placed 
under  the  head  uf  Incision  ;  it  may  be  regarded  as  an  iutermedi- 
ate  condition  between  a  toothed  loaf  and  one  that  is  pinnatifid 
(fig.  306).  When  the  mai^ns  are  slightly  sinuous  or  wavy,  as 
in  the  Holly  (fig.  318),  they  are  said  to  be  u-airy  or  und^daltd  ; 
or  when  the  margins  are  very  irregular,  being  twisted  and  curled, 
as  in  the  Garden  Endive,  Curled  Dock,  and  Curled  Mint,  they 
are  called  erisped  or  curled  (fig.  31!1). 

2.  Iiu:itwn. — This  term  is  employed  when  the  margins  of  the 
blades  are  more  deeply  divided  than  in  the  above  instances 
of  indented  leaves,  so  that  the  parenchyma  only  extends 
about  midway  or  a  less  distance  between  them  and  the  midrib  or 
petiole.     The  divisions  are  then  commonly  called  lobe*.     It  in 
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vKul,  bowarer,  to  give  different  name*  ia  these  lobei,  according 
to  the  diopth  of  the  incisions  by  which  they  are  produced  ;  thus 
if  tb»y  nach  to  about  niidw&y  between  the  margini  and  mid- 
rib {Jig.  308),  or  petiole  {fig.  326),  they  are  pnjperly  tailed 
lobf,  Kod  the  interrals  between  tiierafiiturrt,  or  in  composition 
tlw  tenn  -fid  ie  uaed,  and  the  leaf  is  also  aaid  to  be  lUtfl  :  if 
neeriy  to  the  baae,  or  midrib  (Jig.  320),  they  are  termed  jxiTti- 
iion*,  and  the  leaf  ia  pariiU  ;  if  quite  down  to  the  ba«e  or  midrib, 
tbef  are  called  itymrnU  {fig.  321),  and  the  leHf  it  duaedrd,  or  in 
compoaition  -teeUd,  The  segments  of  the  latter  differ  from  the 
leafleta  of  compound  leaves,  as  already  noticed  (see  page  1B6), 
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in  not  being  artioulated  :  and  also  in  being  united  to  the  mid- 
rib or  petiole  by  a  broad  base. 

In  describing  the  above  incised  leaves  we  say  that  they  are 
bifid  or  (BW-ei'/t,  trifid  or  three-rU/l,  qiiinquffid  or  five-cUft, 
Mptanfid  or  mven-elefi,  and  muMi/W  or  mnn\/-deft,  according  to 
tne  number  of  their  fissures;  or  liixi-Mial,  fhrre-Ivbtd,  four- 
Utbed,  Ac,  from  the  number  of  their  lobes.  Or  a  leaf  ia  also 
said  tobe(riparfif«  or  trueeUd,  &c.,  in  the  same  manner,  accord- 
ing to  the  number  of  partitions,  or  segniuiitx.  The  abuTe  terms 
are  more  especially  used  with  pal  mate  ly- veined  simple  leaves. 

The  divisions  of  the  lamina  are,  howevtir,  always  ansnged  in 
the  direction  of  the  principal  veins.  Thua,  thoae  uf  feather- veined 
or  pinnately-veined  leaves  are  directed  toward*  the  midrib  {fig*. 
306,  330  and  331)  ;  while  those  of  paliuately  or  radiated- veined 
lekvea  an  diieoted  towards  the  base  of  the  lamina  (Jigi.  Z'i'i 
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and  327).  Henoe  instead  of  using  terms  indieating  the  number 
of  lobes,  partitions,  and  segments  of  the  hmiina,  Ofthen  ave 
generally  employed  that  define  the  leaf  mare  aocorat^,  whiob 
are  deriyed  from  the  mode  of  venation  combined  witn  that  of 
incision.  Thus,  if  the  lamina  is  feather- veined,  and  the  diTiaioiM 
consequently  arranged  in  that  manner,  the  leaf  is  said  to  bo  pi»- 
natifid  (fig,  308),  as  in  the  common  Oak  ;  or  pUmaUparHU  {fig. 
320),  as  in  Valeriana  dioica  ;  or  pinnatiteded  (fig.  821),  as  m 
Papaver  Argemone,  according  to  their  depth,  as  already  deaoribed. 
If  the  divisions  are  themselves  incised  in  a  similar  wi^n^yr  to 
the  original  divisions  of  the  lamina  itself,  the  leaf  is  said  to  be 
hipmnatifidf  hipinnatipartite,  or  bipinnatisected.  Or,  if  the  sab- 
divisions  of  these  are  again  divided  in  a  similar  manner,  iripin- 
natifid,  tripinnatipartitef  or  tripinnatisected.  Or,  if  the  lamina 
is  still  further  divided,  the  leaf  is  said  to  be  deoompo$ed  or  2aa- 
niated. 


Fig.  822. 


Fig.  823. 


Fig.  824. 


Fig.  825. 


Fig   32S.  Pectinate  or  oomb-ibaped  leef. Pig.  828.  Lynte  leaf  of  the 

common  Turnip  {Brauica  Rapa). Fig.  324.  Rundnate  leaf  of  Dande- 

lion  (Lftmtodm  Taraxacum). Fig.  825.  Fiddle  shaped  leaf  of  Rtimex 

pukher. 

Certain  modifications  of  these  varieties  have  also  received  spe- 
cial names ;  thus,  when  a  piimately- veined  leaf  is  deeply  divided, 
and  the  divisions  are  very  close  and  narrow  like  the  teeth  of  a 
comb  {fi^.  322),  it  is  said  to  be  pectinat>e,  as  in  the  Water  Milfml; 
when  the  terminal  lobe  of  a  pinnately-veined  leaf  is  Urge  and 
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Tomtded,  And  the  latenkl  lob«s  which  are  tho  more  or  less 
nnmded  become  (traduallj  imaller  towonb  the  hue,  it  is  tifnite 
(W  fyre-thaped,  u  in  the  common  Tumip  (Jig.  3231  ;  when  the 
teimiiud  lobe  ia  tij^i^ular,  and  the  other  kibei  wnich  are  also 
more  or  leae  of  the  aame  shape  hare  their  pointa  directed  down- 
wuda  toward*  the  base  of  the  lamina,  aa  in  the  Dandelion  {Ji-j. 
324),  the  leaf  ia  said  to  be  runcinaie  ;  or  when  a  Ijrate  leaf  has 
bdt  one  deep  receu  on  each  side,  so  that  it  resembles  it  violin 
in  slU4>e,  it  is  termed  pandvri/orm,  or  JiiUlt-thaptU,  aa  in  the 
fiddle  Dock  (fig.  336). 

The  aboTe  tenni  are  those  which  are  emplo^d  to  define  incised 
feather-veined  leaves  ;  but  when  the  blades  are  palmately-veined 
and  incised,  other  terms  are  used  accordiiuc  to  the  degree  of  divi- 
sion. In  describing  snch  leaves,  the  termsTi^,  trifid,  qKhuptrjU, 
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Ac. ,  ftipartUt,  tripartite,  &c.,  bitfcted,  tritecled,  &c. ,  are  employed 
socording  to  the  number  of  their  lobes,  partitions,  or  segments, 
as  already  notii^  ;  or  the  terms  palmalifid,  pcdmalipartile,  pal- 
matittct^i  derived  from  the  direction  of  the  veins,  &c.,  are  used. 
Speciftl  names  are  aino  applied  to  certain  modifications  of  these 
pal  mately- veined  leaves  as  with  those  which  are  pinnately- 
veined.  Thus,  when  the  blade  of  such  a  leaf  has  five  spreading 
lobes  united  at  their  base  by  a  more  or  less  broad  expansion  of 
parenchyma,  so  that  the  whole  has  a  resemblance  to  the  palm 
of  the  hand  with  spreading  fingers,  the  leaf  is  termed  palmate, 
as  in  some  species  of  PaasionSower  (Jiq.  32G)  ;  or  when  there 
are  more  than  five  lobes,  the  leaf  is  described  as  palmatijid 
or  palmaUly-eUft,  as  in  the  Castor  OU  Plant  (^.  327).  Some 
writers,  however,  use  the  terms  palmate  and  palmatifid  in- 
differentlr  to  describe  either  of  the  above  modifications  of 
incised  limvea,  but  the  vense  in  irhich  they  are  defined  abu^e 
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is  more  precise,  and  Bhould  alone  be  need.  When  the  lobet 
are  less  spreading,  narrower,  and  somewhat  deeper  than  in  a  true 
palmate  leaf,  the  leaf  is  digitate  ;  or  when  there  are  more  than 
five  lobes  of  a  similar  character,  as  in  the  Bitter  Cassava,  it  is 
sometimes  termed  d'lgitijMHUe,  or  even  dffgitat^  (though  im- 
properly so),  by  some  authors.     When  the  lamina  is  aivided 

Fig.  328. 


Fio.  829. 


Fifj.  828.  Dijwcctcd  leaf  of  tlie  Water  Crowfoot  (Ranunculus  aquatiUs), 

nearly  to  it»  base  into  numerous  narrow  thread-like  divisions,  as 
in  the  submersed  leaves  of  the  Water  Crowfoot  (fig.  328),  the 
leaf  is  said  to  be  dissected.  When  the  lateitd  lolies,  partitions,  or 
segments,  of  what  would  be  otherwise  a  palmate  leaf  are  them- 
selves divided  into  two  or  more  divisions  (fig.  329),  as  in  the 
Stinking   Hellebore  and   Saurom(Uum  guttatnm,  so  that  the 

whole  bears  some  resemblance  to 
a  bird's  foot,  the  leaf  is  termed 
j>edaiifid,  pedcUipartitef  or  pedati- 
sected^  according  to  the  depth  of 
the  divisions.  The  term  pedate  is 
by  some  botanists  appHed  generally 
to  these  modifications  of  the  pal- 
mate leaf,  but  such  a  term  ought 
properly  to  be  reserved  for  a  com- 
pound leaf  when  the  leaflets  are 
arranged  in  a  pedate  manner. 

Besides  the  above  modifications 
of  palmately-veined  leaves,  other 
variations  alwo  occur,  in  consequence  of  the  lobes,  partitions, 
or  segments  of  the  lamina  becoming  themselves  divided,  either 
in  a  pinnately-veined,  or  palmately-veined  manner,  and  terms 
are  used  accordingly,  the  application  of  which  will  be  at  ouce 
evident  from  what  has  been  already  stated. 

3.  Apex,  —  This  varies  much   in  tlie  blades  of    different 
leaves.    Thus  the  apex  is  obtuse  or  blunt,  when  it  is  rounded 


Fiff.  329.  Pedatipartite  leaf. 
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(IT  forna  the  aegmeat  of  a  circle  (Ji'ti.  330  and  341),  as  in  the 
PrinirulM ;  it  u  retMtt  when  it  ia  ohtiiie,  with  a  broad  shallow 
notch  in  th«  middls,  as  in  the  Red  Whortleberry  {VacciiUam 
Fitu-idu)  and  the  leaflets  of  Logwood  ;  or  whan  under  the 
same  circamstuice*  the  notch  ia  sharp,  or  nearlj  triangular,  it  u 
n  (oine  ipeciei  of  Cattia  (Juj.  330),  and  in  the  oom- 
i  Bos  (Bxziu  Mmtxrvireiu).  When  the  laminn  tariiiinatej 
very  abruptly,  as  if  it  uad  been  cutacrots  in  a  straight  line,  the 
apex  is  ImttcaU,  as  in  the  leaf  of  the  Tuiip-tree  {Jij.  331) ;  or  if 
nailer  the  same  circnmstances  the  termination  is  ragged  and 
iiTdgular,  as  if  it  had  been  bitten  off,  it  is  prxmone,  as  in  the 
leaf  of  Cartjota  ureiu.  When  the  apex  is  sharp,  so  that  the  two 
tuargins  form  an  acute  angle  with  each  other  (fiq*.  3'i3  and 
310),  it  ia  acute  or  Anrp-poiiited ;  when  the  point  is  very  long, 
and  tApering  {jig.  338),  it  is  a«»ini>ui^«  or  taper-pointed,  as  in 
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the  leaf  of  the  While  Willow  and  common  Reed  ;  or  vhen  it 
tapeta  nadusllv  into  a  rigid  point,  it  is  c^tipidate,  as  in  many 
RiAi.  When  the  apex,  which  is  then  cjninionly  rounded,  has 
a  abort  hard  or  aoftened  point  standing  on  it,  it  is  mHcnniaU 
{jig.  337),  as  in  the  leaf  of  £Ia(»ce  mucroiuUa  and  Lathynia 

4.  Qeneml  Oufltne. — By  the  gnneral  outline  or  shape  of  the 
lamina  we  mean  the  superficial  aspect  or  figure  which  is  described 
by  ita  margins.  The  development  of  veins  and  parenchyma  is 
usually  nearly  etjual  on  the  two  sides  of  the  midrib,  ur  petiole, 
BO  that  the  Umina  of  the  leaf  is  in  most  instances  nearly  sym- 
metrical and  of  some  regular  figure  ;  in  which  csxe  the  leaf  is  said 
to  be  txptai  (Jig:  338-340).  When,  aa  occasionally  happens, 
the  lamina  of  the  leaf  is  more  develc'iied  on  one  aide  than  on  the 
other,  the  leaf  is  termed  unequal  or  ohlvqnt  (figi  330  and  332) ; 
this  ia  remarkably  the  caae  in  the  species  of  Btgimia{Jig.  333). 
Generally  ipeaking,  the  leaves  with  ribbed,  parallel,  or  featbet- 
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veined  venation  are  longer  than  broad  ;  while  tho«e  wMch  am 
radiated  or  palinately-Teined  are  more  or  len  rounded,  or 
broader  than  long. 

When  the  lamina  of  a  leaf  is  neariy  of  the  same  breadth  at 
the  base  aa  near  the  apex,  narrow,  and  with  th«  two  mwgJM 
parallel  {Jigi.  310,  a,  and  334),  the  leaf  is  called  linear,  u  in 
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the  Marsh  Gentian  (Gentiana  Pneumonaniht)  and  moel  GraiWM ; 
when  a  linear  leaf  terminates  in  a  sharp  rigid  point  like  a 
needle,  as  in  the  common  Juniper  (Jig,  336),  and  manv  of  onr 
Firs,  and  Larches,  it  is  acerose  or  itettBe-Aaped.  When  the 
blade  of  a  leaf  is  very  narrow  and  taper*  from  the  base  to  a 
very  fine  point,  so  that  it  resembles  an  awl  in  shape,  aa  in  the 
commonFurze(C/^euroi)aiu),  theleaf  isfubwlotooraiol 
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VOten  tbe  Uade  of  a  le«f  is  broadest  at  tbe  centre,  three  or 
mofv  time*  aa  long  a*  broad,  and  tapera  nerceptiblf  from  the 
centT«  to  both  bu«  and  apex,  a>  in  the  White  Willow  (Salix 
aUd),  the  leaf  in  lanceolate  (jig.  336)  ;  when  it  is  longer  than 
booad,  of  about  the  same  breadth  at  ita  base  and  apex,  and  alightl; 
acute  at  theu  poinU,  it  ia  oval  or  eaiptiea'  (fig.  343),  as  in  the 
UAy  of  tbe  Valley  {ConvaUana  majofu)  ;  or  if  under  the  Kame 
arraiuBtancea  it  is  obtuse  or  rounded  at  each  end  {Jig.  339),  it 
ii  obltmg.  The  above  definitiotu  of  elliptical  and  oblung  are 
thoae  of  Lindlef.  But  by  niany  botanists  the  former  term  ia 
^^lied  to  a  leaf  which  is  two  to  three  times,  and  tbe  latter  to 
one  which  ia  four  or  more  times,  as  long  as  broad  ;  and  in  both 
caaea  either  rounded  or  acute  at  the  two  eztreraities.  If 
the  lamina  of  a  leaf  is  more  or  less  rounded  at  the  baae  and 
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broader  at  this  part  than  at  the  apex,  so  that  the  whole  is  of  the 
afaape  of  an  e^  cut  lengthwise,  the  leaf  is  ovaU  or  eggahaprd 
(fig.  340),  aa  in  the  Periwinkle  (Finto  major);  or  it  of  the  earn  e 
^^re,  but  with  the  apex  broader  than  the  base  (fig.  341),  it  is 
obonite  or  intermly  egg-ihaped.  When  the  lamina  is  broad  at 
the  m«x,  and  abrupt-pointed,  and  tapers  towards  the  base  (Jig. 
337),  at  in  some  Saximiges,  the  leaf  is  cuiuaU  or  wedge-ihaped  ; 
or  if  the  apex  is  broad  and  rounded,  and  tapers  down  to  the 
base  (fig.  342),  it  is  tpattmlate,  as  in  the  Daisy.  When  the 
lamina  ia  broad  atid  hollowed  out  at  its  base  into  two  rounded 
lobee,  and  more  or  leas  pointed  at  the  apex,  so  that  it  somewhat 
nsaBiblae  in  sbu)e  tbe  heart  inapackof  cards,  tbeleaf  is  cordate 
or  heori-Aa^  (fig.  338),  aa  in  the  Black  Bryonj  (Tamtu  cam- 
muhm)  ;  or  if  of  the  aame  aliape,  but  with  the  apex  broader  fbuv 
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the  base,  &nd  hollowed  out  into  two  rounded  lobe*,  it  ia  of 
or  invendy  heart-duiped  {fig.  346),  When  &  \«il  rsMnible*  a 
cordate  one  generally  in  shape,  but  with  its  apex  rounded,  and 
the  whole  blade  UBually  shorter,  and  broader  {fig.  344),  it  ia 


t-ihared  leaf. Fig.  347.  SogHUU  lenr. 

—  Fl^.  348.  A  portion  of  tlie  Hem  of  th>  Woodr 
' ').  betrlnK  ttowering  "Ulk  undHiHTlca. 


rewi/orm  or  Iddney-ihaptd,  aa  in  the  AMrabacca  {Atarwm  enro- 
fNTtim)  ;  when  a  leaf  is  renifonn  but  with  the  lobe*  at  the  baaa 
of  the  lamina  puin  ted,  so  that  itTeaemblea  th«  form  of  a  creacent 
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Cfy'  3^)»  it  is  lunate  or  crescent-shapedj  as  in  Paasiflora  Innatu, 
When  the  blade  is  broad  and  hollowed  out  at  its  bsAe  into  two 
acate  lobes,  and  pointed  at  the  apex,  so  that  it  resembles  the 
head  of  an  arrow  (Jig,  ^7),  the  leaf  is  sagittate  or  arroto-ahaped, 
as  in  the  Arrowhead  (Sa^ittaria  mgittifolia)  ;  when  the  lobes  of 
auch  a  leaf  are  placed  horizontally,  instead  of  passing  down- 
wards, it  is  hadate  or  hatbert'shaped  {fig.  34H),  as  in  Sheep's 
Sorrel  {Humex  AeetoseUa)  ;  or  when  the  lobes  of  such  a  leaf  are 
separated  from  the  blade,  as  in  the  upper  leaves  of  the  Woody 
Nightshade  (Solanum  D\dcaniara\  it  is  aurickUaie  or  hadate- 
aurieled  (fig.  349).  When  the  blade  is  perfectly  round,  the 
leaf  is  arhicidar  (fig.  351),  a  figure  which  is  scarcely  or  ever 
found ;  but  when  it  approaches  to  orbicular,  as  in  Pyrola  rotu}^ 
difolia,  the  leaf  is  siibrotund  or  rounded  (fig.  350). 

It  frequently  happens,  that  a  leaf  does  not  distinctly  present 
any  of  the  above-described  figures,  but  exhibits  a  combination 
of  two  of  them,  in  which  case  we  use  such  terms  as  ovaie-hatvee- 
okUe,  linear- lanceolate,  cordate-otatey  cordate-lanctolaU,  elliptico- 
lanceotatty  roundisK-ovate,  &c. ,  the  application  of  which  will  be  at 
onoe  evident. 

In  many  cases  we  find  leaves  of  different  figures  on  the  same 
plant ;  under  which  circumstance  the  plant  is  said  to  be  hetero- 
phyllous.  Thts,  in  the  Hairbell  (Campanula  rotumUfolia)^  the 
radical  leaves  are  cordate  or  reniform,  and  the  cauline  leaves 
linear ;  and  this  difference  of  outline  between  the  radical  and 
stem  leaves  is  by  no  means  uncommon.  In  water  plants  again, 
where  some  of  the  leaves  are  submersed,  while  others  float  on 
the  water,  or  rise  above  it  into  the  air,  as  in  the  Water  Crowfoot 
(RanHnctdns  aqitatilis),  and  Arrowhead  (Sagtttaria  mgittifolia), 
the  leaves  thus  differently  situated  frequently  vary  in  shape. 

5.  Form, — By  this  term  we  understand  the  solid  configuration 
of  the  lamina,  that  is,  including  its  length,  breadth,  and  thick- 
ness. The  terms  used  in  defining  the  various  forms  are  therefore 
especially  applicable  to  thick  succulent  leaves — namely,  thoHO 
which  are  produced  when  the  veins  are  connected  by  a  large 
development  of  parenchyma.  Such  leaves  either  assume  some 
r^ular  geometrical  forms,  as  cyliyuiriccUy  pyramidal,  conical, 
prismatic,  &c. ,  and  receive  corresponding  names  ;  or  they  ap- 
proach in  form  to  some  well-known  objects,  and  are  hence 
termed  aeie\Uar,  ensiform,  adnaciform,  dolabriform,  clavate, 
lingniform,  &c.  The  above  terms  need  no  further  description. 
In  other  instances,  the  lamina,  instead  of  having  its  veins  en- 
tirely connected  by  parenchyma,  is  more  or  less  hollowed  out 
in  its  centre,  when  the  leaf  is  said  to  be  tid>\dar,  hood-shaped, 
um-fhaped,  &c.  Various  other  singular  forms  are  also  found, 
some  of  which  will  be  hereafter  alluded  to  under  the  head  of 
anomalous  forms  of  leaves. 

Besides  the  above  described  modifications  which  the  blades 
of  leaves  jaresent  in  reierence  to  their  Margins^  IncitfioU)  Apex, 
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ChUlinef  and  Form,  they  also  present  numerous  other  variations 
as  regards  their  s^irface,  texture,  coheir,  &c.  For  an  explanation 
of  these  we  must  refer  to  the  contents  generally  of  this  manual ; 
and  more  especially  to  that  part  which  treats  of  the  Appendages 
of  the  Epidermis. 

2.  Compound  Leaves. — We  have  already  defined  a  compound 
leaf  (page  156).  Its  separate  leaflets  are  subject  to  similar  modi- 
fications of  their  margin,  incision,  apex,  outline,  form,  texture, 
surface,  colour,  &c. ,  as  the  blades  of  simple  leaves,  and  the  same 
terms  are  accordingly  used  in  describing  them.  We  have  there- 
fore only  now  to  speak  of  compound  leaves  as  a  whole,  and  the 
terms  which  are  employed  in  describing  their  special  modifica- 
tions. We  divide  them  into  two  heads,  namely :  1.  Pinnately 
OT  feather-veined  Compound  Leaves ;  and  2,  Palmcidy  or  radiated- 
veined  Compound  Leaves. 

1.  Pinnately-veined  Compownd  Leaves. — When  a  leaf  present- 
ing this  kind  of  venation  is  separated  into  distinct  portions  or 
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Fig.  353. 


Fig.  852.  Imparipinnate  or  nnequally  pinnate  leaf 

of  Robinia,  'nith  spiny  stipules. Fig.  MS. 

Equally  or  abruptly  pinnate  leaf. 


leaflets,  it  is  termed  pinnate  (figs.  352-355)  ;  and  the  leaflets  are 
then  termed  pinna.  The  le^ets  are  arranged  either  in  an  op- 
posite or  alternate  manner  along  the  sides  of  the  rachis  or  com- 
mon petiole  in  pairs,  and  according  to  their  number  the  leaf  is 
said  to  be  unijugate  or  one-paired,  as  in  several  species  of 
Lathy rus  {fi>g.  380),  hijugate  or  two-paired,  trijugaie  or  three- 
paired,  and  multijugate  or  many-paired  (fi^,  353).  Several  kinds 
of  pinnate  leaves  have  also  been  distinguished  by  special  names. 
Thus  when  a  pinnate  leaf  ends  in  a  single  leaflet  (fig.  352),  as  in 
the  Rose  and  Elder,  it  is  imparipinnate  or  unequaUy-pinnixte,  or 
pinnate  toith  an  odd  leaflet ;  it  is  eqvMy  or  abruptly  pinnate,  or 
paripinriate,  when  it  ends  in  a  pair  of  leaAeta  orpmnse  Qi^.  353), 
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ftaioaomen 


it  is  inttrrupttdly  pinnaU  {fig.  354)  when  the  leaflets  a 

that  «nuJl  piiuuu  are  regularly  or  irrt^larly  is 


termixed  with  krgeroneB,  aain  the  Potato  uid  Silver  Weed  (J°o 
Untiiia  anamna).  When  the  terminal  leaflet  of  a  pinnate  leaf  u 
the  Uigwt,  and  the  rett  gnduMSj  flmaller  aa  they  &ppnMc\i  tii« 
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base  {fiij.  355),  it  is  bjraMy  pinnatr.     This  leaf  aad  the  true 
lyrate  (page  IW  and  Jig.  323)  are  frequently  confounded  together 
b;  botanists,  uid  the  two  kinds  often 
t  lu.  368.  j^jj,  jjjj^  ^j^g  another,  soth&t  it  is  by  no 

means  uncommon  to  find  both  VBrietlM 
of  leaf  on  the  ume  plant,  as  in  the 
common  Turnip  and  Yellow  Rocket 

When  the  leaflets  of  a  pinnate 
leaf  become  themselrea  pinnate,  or,  in 
other  words,  when  the  partial  petioles 
which  are  arranged  on  the  common 
petiole  exhibit  the  characters  of  an 
ordinary  pinnate  leaf,  it  is  said  to  be 
bipianale  (ji<i-  35G),  ss  in  some  species 
of  Aciuia  ;  the  leaflets  borne  by  the 
partial  or  secondary  petioles  are  then 
commonly  termed  pinnuUt.  When 
tlie  pinnules  of  abipinuate  leaf  become 
themaelves  pinnate,  it  is  tripinnait 
(Jiij.  357),  as  in  the  Meadow  Rue 
iTh'dictrmii.  mimia),  and  the  commoD 
Parsley  ;  it  commonly  happens,  how- 
evi^r,  that  in  these  leaves  the  upper 
leaflets  are  less  divided,  as  iu  fy. 
357.  Tf  the  division  extends  hajond  this,  the  leaf  is  liecoin- 
pt/iitui  (^r/.  35fi),  aa  in  many  Umbelliferous  plants. 

2.  PainuiMy-veiufil  Cinitpoiiiul  Leai>e».—&ae\i  a  leaf  is  formed 
when  the  ribs  of  a  palniately- veined  leaf  bear  separate  leaflets. 
These  leaves  are  readily  distirjfiiished  from  those  of  the  pinnate 
kind,  by  their  leaflets  coming  ofi'  from  the  same  point,  instead 
"f,  as  in  tbem,  along  the  sides  of  a  common  petiole.  We  dis- 
tinguish several  kinds  of  such  leaves  ;  thus,  a  leaf  is  said  to  be 
himite,  hifoVuiU,  or  unijugute,  if  it  consists  of  only  two  leafletH 

Fiu.SiO.  Fio.3tiO.  Frii.  3GI. 


upringiitg  from  a  common  point  (fig.  369),  as  in  ZygophyUttm ;  it 
it  Uiaate  oi  tri/oliaU  if  it  conusta  ol  ttoQeXeaAehk  txtMt]5ei&vi^& 
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nulir  mumar  (Jig$i  346  Mid  360),  m  in  the  genni  Tnfolium, 
wtiA  ncaina  ita  name  from  thia  circumstance  ;  it  is  ^torfri- 
nAotqtiadnMiaUit  there  are  four  le»fleto  (jl^.  361),  m  in 
H(ri>  Puria  (jPotu  ^lutdri/olia)  ;  it  it  qiiinate  or  qMinqvefoltate 
SVuu*nSm{Jlg.  362),  u  in  FoUnlilla  argnitm  uxd  P.  alba; 
it  ii  uptmatt  or  Mfifein/utiatf,  if  there  ore  seven  {fig.  3ti3),  as 


in  the  Hoisecheattint  and  some  Potentillaa;  and  it  is  nmlli- 
foliaie  if  there  are  raore  than  seven  {fig.  364),  aa  in  many  of  the 
Lapin  tribe.  The  term  dig'ttaie.  is  sometimes  emploj'ed  to 
characteiiae  a  compound  leai  of  five  leaflets,  but  t>iis  name 
■bonld  be  confined  to  a  simple  leaf,  and  used  in  the  sense  already 
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notioed  (page  162).  In  speaking  of  pal  mately- veined  compound 
leavea  in  a  general  sense,  they  are  commonly,  although  im- 
properly, termed  pahnatt  or  digitutt ;  but  when  the  leaflets  of  a 
pauutely-rained  leaf  are  arranged  in  a  pedate  maimer,  the  leaf 
U  prcmny  XeraoA  pedate  (p»ge  162). 

J'j^nsi&fr-reitiod  oompooDd  leaves  may  become  stiil  too« 
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divided.  Thus,  if  the  common  potiole  diyidM  at  ita  amx 
three  partial  onea,  each  of  which  bean  three  laafleti  (Jig.  : 
aa  in  the  Masterwort  (Imperatoria  OttriUhmm),  the  1m 
termed  bitemate  ;  or  when  the  common  petiole  dividea  ■ 
apex  into  three  partial  ones,  which  again  divide  into  three  ot 
each  of  which  bean  three  leafleta,  as  in  the  Yellow  Ftun 
(Corydalu  lutea)  and  Epimedium,  the  leaf  is  tritrmaU  {fig.  3 
or  when  such  a  leaf  is  still  further  divided,  it  in  said  to  be  df 

Fig.  ac6. 


i^S^ 


Fig.  3M.  Tritemate  Wl 


5.   PETIOLE  OB  LBAF-NTUX. 

The  petiole  or  leaf-etalk  is  that  part  which  connecti 
blade  of  the  leaf  with  the  stem  (figi.  268,  p,  and  269,  p) 
is  frequently  absent,  and  the  leaf  ia  then  said  to  be  - 
{Jig.  281).  It  consiabi  of  fibro-vascular  tissue  {fig.  3G7 
Hurrounded  by  parenchyma  pf,  and  the  whole  oovere 
epidemii,  wluch  contains  but  few  or  no  stomata.  The 
vascular  tissue  varies  in  its  nature  in  the  leaves  of  the  did 
cIsBsea  of  plants  being  merely  prolongaHoita  of  tiutt  of  the 
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tiAotttna  alrwdf  fnllf  described  ;  thni,  m  Dicotjledonoui 
pluti,  (be  fibro-rucalkr  ItHna  (fig,  271)  cotuiit  of  ipirsl, 
pitttd,  umnkr,  or  tome  other  veueb  (see  page  72},  and  lati- 
atmoi  TeateU,  utd  wood  u)d  Uber-cellt,  th&t  ii,  of  the  ume  ele- 
mmti  rwnntidlj  m  the  wood  and  liber.  The  dUtributioti  of  thia 
EW-TiMolw  tume  in  the  I*""'"*  forma  the  Teiiu,  which  have 
btea  ilreadj  described  under  the  head  of  Venation  (page  151). 

Th«  petiole  ia  either  gimple  or  undivided,  aa  in  all  nmple 
Wvn,  Mid   in   those  of  a  compound  character   in  which  the 
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leaflets  ore  leaaile  ;  or  it  ia  eomprmnd,  as  in  the  Rose,  when  it 
divides  into  ttro  or  more  portions,  each  of  which  bean  a  leaflet 
(Jig.  S73).  The  branches  of  the  petiole  or  the  staUi  of  the 
leaflets  are  then  called  pttiolutfi,  riattlefi,  or  partial  petioUt  ; 
while  the  main  petiole  is  termed  the  rathii  or  common  pttiotr. 

The  petiole  is  frequently  more  or  less  contracted  at  the  base 
where  it  joins  the  stem  owing  to  the  presence  of  an  articulation 
or  joitU  (jSj.  367,/).  Loaves  thus  furnished  with  an  articulated 
petiole  {all  away  from  the  stem  after  they  have  performed  their 
functioiu  ;  and  in  doing  so  they  leave  a  (car  or  cicdlrtz  (fig. 
203,  6,  b).  This  cicatrix  commonly  exhibita  on  its  sarface 
severkl  little  points,  which  are  produced  by  the  ruptuie  oi  ttk« 
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iibro- vascular  tissue  of  the  petiole.  The  outline  of  the  dcatri] 
and  the  arrangement  of  its  ruptured  fibro-vascular  tissue  var] 
much  in  different  species  of  plants,  and  thus  frequently  fom 
characters  by  which  we  may  distinguish  one  plant  m>m  anothai 
after  the  leaves  have  faUen  ;  thus  the  varying  appearance  oj 
these  scars  may  be  well  seen  by  comparing  a  brandi  of  the  As! 
with  that  of  the  Horsechestnut. 

In  compound  leaves  the  petiole  is  not  only  generally  arti- 
culated to  the  stem,  but  the  partial  petioles  are  also  fre- 
quently jointed  to  the  common  petiole,  so  that  each  leaflei 
becomes  detached  separately  when  the  leaf  be^s  to  decay,  ai 
in  the  Sensitive  Plant.  By  many  botanists,  indeed,  no  leaf  u 
considered  truly  compound  unless  it  presents  this  characteristic ; 
consequently  all  leaves  however  much  divided,  and  apparently 
compound,  but  which  have  not  their  separate  portions  articu- 
lated, are  considered  simple.  Such  a  distinctive  character  cannot, 
however,  be  well  carried  out  in  practice,  and  when  we  considei 
that  the  presence  of  an  articulation  is  by  no  means  constant 
even  in  simple  leaves,  we  can  see  no  sufficient  grounds  for  in- 
sisting upon  this  character  in  the  separate  portions  of  a  leaf  ai 
evidence  of  its  compound  nature.  The  distinctive  characters  of 
simple  and  compound  leaves  as  adopted  in  this  manual  have  been 
ah*eady  fully  treated  of  under  the  head  of  composition  of  leaves. 
(See  page  166.) 

The  presence  of  an  articulation  is  to  some  extent  a  character 
of  distinction  between  the  three  great  classes  of  plants.  Thus 
the  leaves  of  Dicotyledons  are  in  the  majority  of  instances 
articulated  ;  while  those  of  Monocotyledons  and  Acotyledons 
are  non-articulated.  Hence  the  leaves  of  the  two  latter  classes, 
when  they  have  perfonned  their  functions,  instead  of  falling 
away  and  leaving  a  cicatrix  as  the  former,  decay  gradually 
upon  their  respective  plants,  to  the  stems  of  which  they  thus 
give  a  ragged  appearance.  There  are  many  instances,  however, 
in  which  the  leaves  of  Dicotyledonous  plants  are  not  articulated, 
as  in  the  Oak.  In  such  cases,  the  leaves,  although  dead,  remain 
attached  to  their  respective  plants  frequently  for  months,  which 
thus  form  a  striking  contrast  in  their  appearance  to  the  sur- 
rounding trees,  wliich  have  lost  their  leaves  in  consequence  of 
these  being  articulated. 

On  the  lower  surface  of  the  petiole  at  its  base,  the  paren- 
chyma frequently  forms  a  slight  swelling  (figs.  367,  c,  and  368), 
to  which  the  name  of  ptdmnns  has  been  given.  Tliis  portion  of 
the  petiole  commonly  remains  on  the  stem  after  the  petiole 
generally  has  separated  from  it  in  the  fall  of  the  leaf.  A  some- 
what similar  swelling  may  be  also  seen  in  many  compound  leaves 
at  the  base  of  each  partial  petiole ;  each  of  which  is  then  termed 
a  struma.  The  compound  pinnate  leaves  of  the  Sensitive  Plant 
affoi-d  a  good  illustration  of  the  presence  of  both  pulvinus  and 
struma. 
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form*  oftkt  f «*ioI«.— The  tone  of  the  petiole  varies  in  differ- 
tBt  k*Te*.  It  ii  osually  rounded  below,  and  flattened  or  more 
tr  hu  gioored  »bove ;  but  in  other  caMS  it  is  cylindrical,  eapeci- 
illj  in  the  leaves  of  Honocotyledonoiu  plants  ;  while  in  other 
^boftheaameclBaa,  especially  in  Urawea,  it  becomes  widened 
it  id  base,  and  aurrounds  the  stem  in  the  fonii  of  a  lAeatli  or 
ta)m{fig.  369,  g).  This  sheath  in  all  true  Grasses  tenmnates 
itnTiina  membranous  appendage  (^.  3fiO,  li/j),  which  is  entire, 
n  dirided  into  two  symmetrical  portions,  or  incised  in  variuus 
nji ;  to  this  the  name  of  Ii^iif<  lias  been  given,  and  is  now 
lapfotai  by  most  authorities  to  be  analogous  to  the  stipules, 
la  tlw  Aspen  {Popttltu  trenvula),  the  petiole  is  flattened  in  a 
line  si  right  angles  to  the  blade,  and  is  thus  one  of  the  causes  of 
thepecntiar  mobility  of  such  kaves  ;  while  in  other  plants  it  is 
flsttened  in  a  horizontal  direction.    In  Water  Plants  the  petiole 
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U  tequontly  more  or  Less  dilated  from  the  presence  of  a  number 
of  air  cavities,  as  in  PoHtedtria  and  Tru/ia  ;  such  petioles  by 
diminishinif  the  specific  gravity  of  the  plants  eiinble  them  to  float 
wadily  in  the  water.  At  other  times  the  i)etiole  becomes  dilated 
*t  its  base,  and  embraces  the  stitm,  in  which  case  the  leaf  is  said 
to  be  amplexUaul  {fig.  270) ;  thiM  coioniouly  occnrs  iu  Umbel- 
liferous Plants.  Frequently  the  petiole  presents  at  its  two  edges 
■  leaf-like  border  called  a  taitiy,  when  it  is  said  to  be  ■mtiged  or 
borilertd  ;  exainplefl  of  such  a  petiole  occur  in  the  Orange  (Jig 
315,  p).  Venos's  Flytrap  {fig.  370,  p).  Sweet  Pea  (fig.  380),  ami 
many  other  plants.  In  some  plants  the  winged  expansion  does 
'  9  at  the  base  of  the  petiole,  but  it  is  conlmvieA 
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Fig,  the  Magnolia,  &c.,  they  form  the  tegnientn  or  protective 
corffingt  of  the  buds,  and  fall  off  as  these  open  (page  101). 

Kinds  of  Stipyies. — The  stipules  vary  in  their  position  witli 
regard  to  the  petiole  and  to  each  other,  and  have  received 
difoent  names  accordingly.  Thus,  when  they  adhere  to  each 
lidfi  of  the  base  of  the  petiole,  as  in  the  Rose  {Jiy.  373,  «,  ^), 
they  are  said  to  be  adnate,  adherent,  or  peiiolar.  WJien  they 
remain  as  little  leafy  expansions  on  each  side  of  the  base 
ci  tlie  petiole,  but  quite  distinct  from  it,  as  in  many  Willows 
(jig.  269, «, «),  and  the  Pansy  (Jig.  374),  they  are  called  canliiMrtj. 
When  the  stipules  are  large,  it  sometimes  hap].)ens  that  they  meet 
on  the  opposite  side  of  the  stem  from  which  the  leaf  grows,  and 


Fio.  373. 


Flo.  874. 


/V<7-  373.  A  portion  of  a  branch,  r,  of  the  common  Row  (Hosn  canina).    a.  A 
prickle,    b.  Bad  in  the  axil  of  a  compound  leaf,  f,  with  stalked  leaflet*.    />. 

Petiole.  «,  t.  Adnate  or  adherent  stipule*. FUj.  374.  Leaf  of  Pansy  (  V(oia 

trUoUyr)  with  large  caolinary  i^polet  at  its  base. 

become  united  more  or  less  by  their  outer  margins,  and  thus  form 

one  stipule,  as  in  the  Astragalus  ;  they  are  then  said  to  be  syn- 

ochrtate  or  opposite  (Jig.  375,  s)  ;   if  under  similar  circumstances 

they  cohere  by  their  inner  margins,  as  in  Melianthus  annuus 

and  HouMuynia  cordaia{fig.  376,  s\  they  form  a  solitary  stipule 

which  is  placed  in  the  axil  of  the  leaf,  and  is  accordingly  termed 

axillary ;  if  such  stipules  cohere  by  both  outer,  and  inner  margins 

so  as  to  form  a  sheath  which  encircles  the  stem  above  the  leaf 

(Jig,  268,  d),  as  in  the  Rhubarb,  and  most  other  plants  of  the 

order  PolygonaoesB,  they  form  what   is   termed  an  ochrea  or 

intrafoliaceout  diptUe. 

N 
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AU  the  above  kinds  of  stipules  occur  in  phuits  with  ahern.Ht 
leaves,  in  which  such  appendages  are  far  more  common  than  i  x  i 
tliose  with  opposite  leaves.  When  the  latter  plants  have  stipules 
these  are  generally  situated  in  the  intervals  between  the  petiolesoxi 
eacli  side,  and  are  lience  termed  interpetiolar.  In  such  cases,  i't 
frequently  liapi>ens  that  the  opposing  stipules  of  each  leaf  coheine 


Fi(j.  575, 


Fig.  876. 


Fig.  37ff.  A  portion  of  the  ntcm.  r,  and  leaf,/,  of  the  Aatrn^ahu  OitohrydktM. 

s.  Synochreatoor  ojipoiiite  utiimle. Fta.  376.  Apoitkmof  th«  Btein,r, 

and'hnif,/,  of  UvuttuyHUi  cordata.    s.  Axillary  Btipiue. 

more  or  less  completely  by  their  outer  margins  so  as  to  form  but 
one  interpetiolar  stipule  on  each  side  of  the  stem  (fig.  377, »),  as 
w  the  case  in  the  Cinchonas,  the  Coffee,  and  numerous  other 
plants  of  the  natural  order  Rubiaceae  to  which  they  belong. 

Stipules,  as  we  liave  already  noticed,  are  not  always  present 
in  plants,  but  their  presence  or  absence  in  any  particular  plant 

Fi(i.  377. 


Fig.  377.  A  jiortion  of  a  branch,  r,  with  two  oppo«ito  Icarea,/,/,  of  Cephat 
anthui  ocrideniaiu.    s.  Interpetiolar  stipule. 

is  always  constant,  and  although  the  appearance  and  arraagc 
ment  of  them  also  vary  in  different  plants,  they  are  always  un 
form  in  those  of  .the  same  species,  and  even,  in  some  case 
throughout  entire  natural  orders,  and  thus  they  frequent 
supply  important  distinctive   characters   in  such  planta  a' 
orders.     Thus  the  plants  of  the  Loganiacesd  are  diatinguial 
from  those  of  the  allied  order  Apocynaceie  by  possessing  inf 
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jMu  ftipaies  ;  and  the  plants  of  the  Poly((unacefe  from  those 
of  ilHed  Olden  by  intrafohaceous  stipules. 

Stipules  are  very  rare  in  Monocotyledons,  except  the  lij^ule 
0f  Gnases  be  considered  as  analogous  to  them.  The  only  orders 
of  Monocotyledons  in  which  they  undoubtedly  occur  are  the 
NaiadaoeflB  and  Arace<e. 


7.    ANOMALOUS  FORMS  OF  LEAVES. 

We  have  already  seen  that  the  branches  of  a  stem  sometimes 
acouire  an  irregulaor  development,  and  take  the  form  of  Spines 
oriendrils  (pages  110  and  111).  In  the  same  manner  the  parts 
of  a  leaf  may  assume  similar  modi6cations,  as  well  as  some  others 
still  more  remarkable,  which  we  now  proceed  to  describe. 

Spines  of  Leaves, — Any  part  of  the  leaf  may  exhibit  a  spiny 
<^ufacter  owing  to  the  non-development  or  diminution  of  paren- 

Fio.  378.  Fig.  379. 


fi^.  378.  A  portion  of  a  branch  of  the  Barberr}'  ( B*rbfrit  vuUjnrii),  bearing 
ipiny  leaves.    The  upper  leaf  is  composed  entirely  of  haniened  reins,  with- 

oat  any  parenchyma  between  them. Fig.  379.  A  portion  of  a  branch  of 

the  Oooaebenry  {Ribe»  Grauularia).    /,  /.  Scan  of  former  leaves,  with 
buds  in  their  axils,    c.  Spine  produced  from  the  pulvinus. 

chyma,  and  the  hardening  of  the  veins.     Thus, — 1st,  in  the 
Holly  {fig.  318)  and  many  Thistles  (yw.  278),  the  veins  project 
beyond  the  blade,  and  become  hard  ana  spiny  ;  in  some  species 
of  Solanum  the  spines  are  situated  on  the  surface  of  the  lamuia  ; 
while  in  the  Barberry  {fig.  378)  the  blade  has  little  or  no  paren- 
chyma produced  between  its  veins,  which  are  of  a  spiny  cha- 
racter, so  that  the  whole  lamina  becomes  spinous.     Spines  of 
leaves  may  be  readily  distinguished  from  those  already  described 
(page  110),  which  are  modified  branches,  because  in  the  latter  case 
they  always  arise  from  the  axil  of  the  leaf,  instead  of  from  the  leaf 
itself.     Spines  may  be  also  readily  distinguished  from  prickles 
by  their  internal  stmchzre  and  the  other  characters  aHuded  \.o 
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u'hen  speaking  of  the  spineB  of  bruiches.  2ad.  The  petiole  uiA^ 
axaume  n  spiny  character,  either  at  its  apex,  aa  in  some  apec^ 
of  AAragaliu  ;  or  at  its  base  from. the  pulvinua  {Jig.  379,  e),  aj 
in  the  Gooseberry,  ,  Aiid,  3nl.  The  stipules  may  become  trail* 
formed  into  spines,  as  in  Bobinia  pteudacaeia  {fig.  370). 

TendriU  of  Leaves. — Any  part  of  the  leaf  may  also  becMM 
cirrhoBB  or  transformed  into  a  tendril.  Thus, — 1st.  The  midnl 
of  the  blade  of  a  simple  leaf  may  project  beyond  the  apex,  anc 
form  a  tendril,  as  in  Gtoriosa  laperba  ;  or  some  of  the  leaflets  o: 
a  compound  leaf  may  become  transformed  into  branched  tendrili 
{Ji'jf.  372  and  380),  as  in  certain  species  of  Laihyrut,  and  othe: 
Legiiminoste.      2nd.  The  petiole  may  become  cirrhoBe,  as  ii 


Fig.  atm.  Lm[  of  B  tpwles  (If  Lulhrriu,  iliowlnn  a  wingnl  iwUole,  with  («« 

haU-Htilttotti  Btlpiilnat  iU  bn»e,iu]d  ti-rmlnat^d  bym  lendiil. f^.Mt. 

A  portion  of  Che  Bf*m  of  l/ilAiin4f  Aphitia.  with  Bllpbln.  *,  t.  And  dTThi«« 
prlinle,  r. flf.  38!.  A  portion  of  tht  ttemot  amilar,  bcvliigB  peitol«te 

Lathijriis  Aphaca  {jiij.  381,  b),  and  many  other  plants  of  thi 
LeguniinoBK.  And,  3rd.  The  stipules  may  assume  the  form  o 
tendrils  ;  thus  in  many  species  of  Smilax  there  are  two  tendrils 
one  on  eikch  side  of  tlie  base  of  the  petiole  (fig.  382),  in  place  o 
the  ordinary  stipules. 

PhyUoiles  or  Phylloiiia. — In  the  leaves  of  certain  plant*,  as  ii 
some  Australian  Acacias  {fi^j».  383  and  384),  and  certain  speciei 
of  Eucalypt^is,  the  parts  forming  the  fibro-vascular  tissue  of  thi 
petiole,  instead  of  remaining  till  they  reach  the  blade  befon 
separating,  begin  to  diverge  as  aoan  as  they  leave  the  stem  oi 
brancli  and  become  connected  hy  parenchyma  as  in  the  ordinarj 
blade  of  a  leaf ;  the  petiole  thus  assumes  the  appearance  of  j 
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laoma  and  then  perfomiB  all  its  functions.  To  such  a  petiole  the 
IMM  ciphyUode  has  been  applied.  In  some  cases,  as  in  Acacia 
ketmphj^,  the  phyllode  is  terminated  by  a  true  compound 
Made  {fig,  384),  and  its  nature  is  thus  clearly  ascertained,  but 
in  most  instances  no  such  blade  is  produced  {Jig.  383).  These 
phyilodes  may  be  distinguished  from  true  blades,  not  only  by  the 
ooeanonal  production  of  a  lamina  as  just  mentioned,  but  also 
bj  other  circumstances.  Thus, — Ist.  By  their  venation,  which  is 
more  or  less  parallel  {figs.  383  and  384)  instead  of  reticulated,  as 

Fio.  384. 


FI&3B3. 


ft?.  393.  A  phjrllode  of  an  Austra- 
lian AOBda. Fig.  884.    Leaf 

of  an  Acacia  {Acacia  hetfro- 
pkpUa),  the  petiole  of  which  as- 
mxam  the  chanM:ter  of  a  phyl- 
lode, and  la  terminated  by  a 
Uplnnate  lamina.  Therenation 
of  the  phyllode  may  be  seen  to 
bepazallel. 


is  the  case  generally  in  Dicotyledons,  in  which  class  of  plants  they 
alone  oocur.  2nd.  By  their  being  placed  nearly  or  quite  in  a 
Tertioal  direction — ^that  is,  turning  their  margins  upwards  and 
downwards  instead  of  their  surfaces.  And  3rd.  By  their  two 
surfaces  resembling  each  other,  whereas  in  true  blades  a  mani- 
fest difforenoe  is  commonly  observable  between  their  upper  and 
lower  sni&KMt. 

Besidea  the  true  phyilodes  thus  described,  there  are  some 
others,  as  in  certain  Mpedea  of  Banunculus,  which  do  not  pte&etit 
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such  well-iDArked  distinctive  characters.  In  thew  phflltKtM  tl> 
direction  of  the  Biirfacea  ia  horizotita]  u  in  true  bladea,  and  in  toau 
other  respects  they  resemble  them  ;  thejhave,  however,  more  oi 
lexs  par&Uel  venation  instead  of  reticulated,  and,  belongiog  U 
Dicotyledon  oils  plants,  this  character  will  suflice  t«  distingnial 
them,  as  it  is  now  becrime  the  rule  with  most  botanista  to  con 
sider  all  organs  occupying  the  place  of  leaves  among  Dicotyledooi 
which  are  not  reticulated,  as  phyllodes, 

Aacidia  or  Pitehtrt. — These  are  the  moat  remarkable  of  ■) 
the  anoinalouB  forms  presented  by  leaves.  Thej  may  be  seel 
in  the  species  of  Iftpenthes  or  Pitoher  Plants  (fig.  385),  in  tbi 
iiiide-saddle  Plant  (fig.  386),  and  in  many  other  plants.  The* 
curious  organs  may  be  either  formed  from  the  petiole,  or  tbi 


If  B  fJKCirt  of  PitaJlM  .... 

I  lururc  uiinoi  uy  the  Jill.  I. Fig.  3M.  Pitcher  o[  tbe  Side-nddle  Ftuil 

{Harrarmia yurpaitii). flff.  387.  PftOlim  ol  HlUampSm, 

blade  of  the  leaf.  Thus  in  Sarraftnia  (fig.  386),  the  pitcher  ap 
pears  to  be  produced  by  the  folding  inwsjrds  of  the  two  margim 
of  a  phyllode,  which  unite  below,  and  form  a  hoUow  body  oi 
pitcher  ;  but  they  are  still  separate  above,  and  thus  indicate  itt 
origin.  The  origin  of  the  pitcher  from  the  phyllode  is,  hoitever, 
probably  best  seen  in  a  species  of  Heliamphorti  (fig.  387),  in 
which  the  union  of  the  matins  of  the  phyllode  u  even  leaf 
evident  than  in  the  Sarracenia.  In  the  Nepeitlhe*  (fig.  385), 
the  petiole  first  expands  into  a  phyllode,  then  assumes  the  i^ 
pearanoe  of  a  tendril,  and  ultimately  forms  a  pitcher,  p  ;  thu 
is  closed  above  by  a  lid,  t,  called  an  operculum,  which  ia  united 
to  it  by  an  articulation.  The  lid  is  here  commonly  regarded 
as  aremarkable  transformation  of  the  blade  ;  but  some  botanist! 
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ooQstder  thofc  the  pitcher  is  formed  out  of  the  lamina,  and  that 

the  operculum  is  the  terminal  lohe.     Thift  kind  of  pitcher  iH  also 

hokA  upon  by  some  botanists  as  a  modification  of  such  leaves  as 

the  Orsi^ge  (fi<f.  316),  and  Venus's  Fly-trap  (jig,  370),  in  whicli 

the  petiole,  p,  is  articulated  to  the  blade  ;  thus,  if  we  suppose  the 

winged  petiole  of  such  plants  to  fold  inwards  and  unite  by  its 

QUkigins,  a  pitcher  would  be  formed  resembling  that  of  3Vpenf^«>j*, 

and  the  jointed  blade  would  then  be  seen  to  be  clearly  analogous 

to  the  operculum  or  lid  of  that  plant.     In  another  of  these 

plants,  the  Dischidia,  the  pitchers  are  considered  to  be  formed 

by  Uie  folding  inwards  and  union  of  the  margins  of  the  blades. 

&  OKKERAL  VIEW  OF  THE  LEAVES  IS  THE  THREE  CLASSES  OF  PLANTS. 

We  have  already  seen,  in  describing  the  structure  and  general 
characters  of  stems  and  roots,  that  these  organs  i)resent  well- 
marked  distinctive  characters  in   the  three  classes  of   plants. 
The  leaves  of  plants  in  the  three  classes,  as  we  have  noticed 
generally  in  their  description,  also  present  certain  marked  diifer- 
enoes,  which  may  be  summed  up  as  follows  : — 

1.  Leaves  of  Dicotyledonous  Plants. — In  these  the  vena- 
tion is  reticulated  in  consequence  of  the  veins  branching  in 
V'&i-ioas  directions  and  the  divisions  becoming  united  with  one 
Another,  so  as  to  form  a  more  or  less  angular  network  {Ji<j.  300). 
'^'x   some  plants,  as  in  Banuncyhis  Lingnay  and  K.  (jraminevAy 
^^«  so-called  blades  have  parallel  veins,  and  have  been  therefore 
^^^•^xiaidered  by  some  botanists  as  representing  exceptions  to  the 
^^^nary  reticulated  venation  of  Dicotyledons  ;  but  these,  as  we 
^^►Te  just  seen  (page  182),  are  not  usually  regarded  as  true  blades, 
^'^t  as  phyllodes  or  transformed  petioles. 

.         The  leaves  of  Dicotyledons  are  very  commonly  articulated  to 
^  ^^e  stem  or  branch,  often  compound^  and  variously  toothed  or 
"Seised  at  their  margins. 

2.  Leaves  of  MoNOCOTYLEDONors    Plants. — In  these    the 
^^nation  is  commonly  more  or  less  parallel ;  either  from  base 
^^^  apex  (Jig.  306,  a)  ;  or  they  present  one  large  central  vein 
^>um  which  secondary  veins  are  given  off  on  each  side,  which 
proceed  in  a  parallel  direction  to  the  margins,  as  in  the  Banana 
^^«.  306,  by  and  313).     The  leaves  generally  of  plants  of  the 
Natural  orders  SmilaoesB  (fig.  382),  Dioscoreaceae,  &c.,  as  well 
^s  some  in  the  order  Aracese,  present  exceptions  to  this  charac- 
^r,  for  in  them  the  veins  branch  in  various  directions  and  form 
a  network,  as  in  the  leaves  of  Dicotyledons.     Some  of  these 
plants,  as  Uie  Dioscoreaceee,  Smilacese,  «&c. ,  were  therefore  separ- 
ated ^m  other  Monocotyledons  by  Lindley,  and  placed  in  a 
class  by  themselves,  called  Dictyogens,  from  the  Greek  word 
signifying  a  net.     But  this  class  has  not  been  accepted  of  late 
years  by  botanists,  and  is  not  therefore  adopted  in  this  edition. 
We  have  already  noticed  (page  96)  that  such  plants  also  pre- 
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sent  certain   differences   in  the  structure  of   tlieir  stems  frojxi 
those  of  other  Monocotyledons. 

In  Monocotyledonous  plants  the  leaves  are  commonly  no^ 
articulated  ;  and  the  margins  of  their  blades  are  usually  entin0 
or  free  from  toothings  and  incisions  of  every  kind.   They  are  also 
commonly  simple  ;  often  sheathing  at  the  base  ;  and  seldom  hav^ 
stipules,  unless  the  ligule  (page  179)  is  to  be  considered  as  amt— 
logons  to  these  organs. 

3.  Leaves  of  Acotyledonous  Plants. — In  plants  of  thii» 
class  which  have  leaves  with  a  true  fibro-vascular  system  or 
veins,  these  are  arranged  at  first,  either  in  a  pinnate  or  palmate 
manner,  but  the  whole  of  their  principal  veins  either  divide 
afterwards  in  a  forked  manner,  or  their  ramifications  are  thu» 
divided  {fig.  314).  The  leaves  of  Ferns  are  usually  called 
frondji ;  this  term  being  commonly  applied  to  leaves  or  leaf -like 
structures  which,  like  those  of  Ferns,  bear  the  fructification. 

Such  leaves  are  usually  not  articulated  ;  either  sessile  or 
stalked  ;  frequently  toothed  or  incised  in  various  ways  ;  and 
often  highly  compound. 


CHAPTER  4. 

ORGANS   OF   REPRODUCTION. 


Under  the  head  of  Organs  of  Reproduction  we  include  the 
flower  and  its  appendages.  They  are  called  reproductive  organs 
becau  -e  they  have  for  their  office  the  reproduction  of  plants 
b}'  the  formation  of  seed.  Plants  with  conspicuous  organs  of 
reproduction,  as  already  noticed  (page  11),  are  cidled  Phasnogamous, 
Ffui/yteroganwusy  or  Flower hig  ;  while  those  in  which  these  parts 
are  concealed  or  obscure,  are  termed  Cryptogamous  or  Flowerltss, 
The  former  division  includes  Dicotyledonous  and  Monocotyle- 
donous plants  ;  the  latter  Acotyledonous  plants. 

The  parts  of  a  flower  (as  will  be  particularly  shown  hereafter), 
are  only  leaves  in  a  modified  condition  adapted  for  special  pur- 
poses ;  and  hence  a  flower-bud  is  analogous  to  a  leaf -bud,  and 
the  flower  itself  to  a  branch  the  intemodes  of  which  are  but 
slightly  developed,  so  that  all  its  parts  are  situated  in  nearly  the 
same  plane.  As  flower-buds  are  thus  analogous  to  leaf-buda,  they 
are  subject  to  similar  laws  of  arrangement  and  development. 

Section  1.     Inflorescence  or  Anthotaxis. 

The  term  infloreaceiice  is  applied  generally  to  indicate  the 
floral  axis  and  its  ramification,  or  the  arrangement  of  the  flowers 
upon  that  axis.     Under  this  head  we  have  to  eiuunine— Ist,  the 
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hal  Etom  the  axil  of  which  the  flower-bud  ariMH  ;  2nd,  tlia 
Stolkiipon  which  the  flower  or  fluwets  are  situated  ;  and  'Jrd, 
IhtKiiidi  of  Infloreacence. 

1.  THE  SRAITf. 
We  hare  juit  stated  that  flower-builE  are  analogoua  to  leaf- 
bodi ;  ind  thia  analogy  is  still  further  proved  by  their  occupying 
nmilir  litnationa  to  them  ;  thus  they  are  placed  either  at  the 
ipai  of  Hie  floral  axis  or  bnnch,  or  laterally,  and  then  commonly 
in  IIh  ixil  of  leaves.  Flowei-buds,  therefore,  like  leaf-buds,  are 
tcniul  or  axillary.  In  the  latter  case  the  leaves  from  which 
FiQ. 8S». 


Hf.iK.  Flowering  (talk  ot 


Hey  arise  are  called  braeig.  In  Btrict  langiioge  the  tenn  bract 
'Ouiiid  be  only  applied  to  the  leaf  from  the  axil  of  which  a 
^litaiy  flower  or  a  floral  axis  arises  ;  while  all  other  leaves 
^hich  are  found  upon  that  axis  between  the  bract  and  the 
flower  properly  so  called, .  should  be  termed  bractleti  or  brac- 
^toia  (Jif-  3B9,  b,  b).  These  two  kinds  of  bracts  are,  however, 
but  rarely  distinguished  in  practice,  the  term  bract  being  gener- 
ally alone  used  for  either  variety,  and  in  this  sense  we  shall 
Itereaf  cer,  as  a  general  rule,  apply  it. 

Bracts  vary  much  in  appearance,  some  of  them  beii^;  large, 
of  a  green  colour,  and  ia  other  respects  resembling  the  ordinary 
IsBTes  of  the  plant  upon  which  they  are  placed,  aa  in  the  White 
Dead-nettle  (ji^.  388) ;  and  in  the  Pimpernel  {fig.  389,  a,  a)  -, 
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in  which  case  they  are  culled  Ifafij  hmrts.  Such  bracts  can  "ii-V 
be  (listingiiished  from  the  true  leaves  by  their  p<isitiuu  with 
regard  to  the  flower-stalk  or  flower.  In  most  cases,  however, 
briicts  may  be  known  from  the  ordinary  leaves  not  only  by  their 
jMiHition,  but  also  by  diflurences  of  colour,  outline,  texture,  and 
other  peculiarities. 

Sometimes  when  the  bracts  are  situated  in  a  whorl  immedir 
ately  l>eIow  the  calyx,  it  in  diflicult  to  determine  whether 
they  Khould  be  coimidered  as  a  part  of  the  calyx  or  as  true 
bracts  ;  thus  in  most  flowers  of  the  Mallow  order  {Jut.  300),  and 

uiiuiy  uf  the  Pink  (Jig.  469,  b)  and  Rose 
tirders  (jig.  391),  we  have  a  circle  of 
leafy  organs  placed  just  below  the  calyx, 
to  which  the  term  of  epicabjx  or  cali- 
cuhts  has  been  given  by  many  botanists, 
but  which  properly  comes  under  the 
denomination  of  inrolucre  (page  187). 

Almost  all  inflorescences  are  fur- 
nislied  with  bracts  of  some  kind  or 
other  ;  it  fre(|uently  hap|>enH,  however. 


Vui.  :ix9. 


Fn..  ntK). 


Fic.  391. 


/'ii/.  ."HO.  Flowt  rfnfr  •-tnlk  of  tl\e  Plmpemc-1  (Anaffii''fit 
ai  t'  HSU).    ^,  6.  S<<litHrj  flowffTB  AiMng  from  the 

11x11  i.f  the  Inify  braclM,  «, «. /^^.  3M.  Calyx 

of  tlie  Man>h-Mal1c>w(.4//A<vu  offlcinalU)  tarTouniUtI 

by  an  t-picalyx  or  iiivolacre. Fig.  391.  Flowt-r 

of  tbf  StrawU-rry  {Fittgtnia  Ktcu)^  turronndcd  bjr 
oil  cpiciUyx  or  involucre. 


that  some  of  the  bracts  do  not  develope  axillary  flower-buds,  just 

~«^«A  manner  as  it  occasionally  Imppens  that  the  leaves 

' '  -'1q  in  their  axils.     In  some  cases  the  non- 

'^^'^   axil  of  bracts  aunean  to 
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rinOigied;  when  bncta  are  present  the  inflorescance  u  wid 
ti>btiraa*«f<d. 

Airanftiiunl  and  DHTation  ••/  Jfnicfjt.  —  Bract*  fulliiw  the  sanii: 
kr  of  ■nangeineiit  as  true  leaves,  being  opi>[Mite,  iiltemate,  <>r 
•boried,  ic,  in  different  plants.  The  braula  of  the  Fineaiiple 
fruit  (jiy.  28T),  and  th'iae  of  Fir  cones  (jigs.  '28»  and  415),  shuw 
in  ■  marked  manner  a  spiral  arrangement. 

Bracta  rary  in  their  duration ;  when  they  fall  immeiliatelj,  or 
unoaafter  the  flower-bud  expands,  they  are  said  to  be  ilfcuhmiiK. 
Hlien  they  remain  luna  united  to  the  Uural  axis,  tliey  arey^ern'j- 
ttnt.  in  some  plants  they  persist  and  form  a  imrt  uf  tliu  fruit ; 
tbna,  in  the  Hazel-nut  and  Filbert  they  form  the  husk  ( luj. 
306),  in  the  Acom  they  constilute  the  cup  (fig.  305),  »:id  in  the 
Hop-fruit  Offf.  416),  in  the  Fir-cones  (Ji'ja.  288  and  415),  and 
Pioeftpple  (jC^.  2S7),  they  persist  as  muiubranous,  wiioily,  or 
fleahy  acaly  appendages. 

Varirtiet  of  BracU. — Certain  varieties  of  arrangement  and 
fomia  of  bnctfl  haro  received  sjiecial  names.     Thus  the  bracts  of 


that  kind  of  inflorescence  called  an  Amentum  or  Catkin  (jiyt. 
302  and  411,  see  page  19G),  as  seen  in  the  Willow,  Oak,  Birch, 
iic,  are  termed  tqvamx  or  tcaltt  ;  or  the  bracts  are  described  as 
sq-qumoK*  or  toaiy. 

When  ft  circle  or  whnrl  of  bracts  is  placed  round  one  flower,  as 
in  the  MB«h  Mallow  (^.  a90)  and  Strawberry  (jtff.  3(11) ;  or  round 
a  niunber  e*  flower*,  ■■  in  the  Carrot  {/(/.  3fl3)  and  most  other 
Vmbelliferoiu  planta,  they  form  what  is  tenned  an  iu-colMert.  In 
•ome  Umbeltiferoiu  planta,  ■■  for  instance  the  Carrot  (fig,  393), 
._.._  i  _.  i_.  IB  jit  the  bwe  of  the  primary  dniauti* 


then  uatwu  invohimsi,  o 
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of  the  floral  oiisorgenentl  umbel,  a(page  201);  and  uiotlier ait 
base  of  each  of  the  partial  umbels  orumbelliiles,  6,  b ;  thefon 

Fio  894 

1  invohieel  or  t 
hiere.  Id  pUnte  of  the  luti 
order  CompoBitte,  ancii  m 
Marfgold  (fig.  394),  Artulic 
Charaomile,  and  Dai^ ;  an 
some  of  the  allied  ot^en 
■ome  what  tdmilar  uraogem 
of  braota  takes  place,  and 
name  of  mvohiert  is  alio 
plied  in  thesecABea.  In  the 
Tolucrea  of  the  Compoaitn  tl 
are  frequently  two  or  t) 
roiFB  of  bracts  overlapping  c 
other.  The  constituent  br 
thns  forming  the  involucr 
Compoaite  floiren  hav«  h 
termed  phyllarUt.  Someti 
the  bracts  of  an  involi 
grow  together  at  their  be 
'-  and  form  ultimately  a  eor 
°  cup-ahaped  body  lUiTOUQc 
the  fruit,  at  the  cup  of 
Acom  (fig.  396),  and  the  husk  of  the  Filbert  or  Huel-nut  ( 
;J96) ;  they  then  form  what  is  called  a  ettpale. 


Fig.  SM.  CkpttnluBl 


'  Mar)«"lil  (Call 


Fio.  395. 


Fio.  896, 


TiBiimes  or  bracts.- -6? atbb.  is) 

Wben  »  brkct  ii  of  Urge  sue  and  «he»tbing,  and  sinrouads 
<«,«■  nninber  of  flowere,  so  aa  to  completely  eDcline  theu 
wia  m  a  jonng  state,  as  in  the  Iris,  Narciaaiu,  Bnovflake  (Jiij. 
391),  tha  common  Arum  or  Cuckoo-pint  (Jig.  398),  and  Palms 
Of.  413),  it  is  called  a  ipalht.  The  spathe  ii  generally  found 
■nmiaiuiing  the  kind  of  iiifloreacence  called  a  spiuiix  (paae  1 06), 
wiatha  Arum  (jia.  398),  and  Falm  Oj.  412);  and  it  is  also  very 
annum  in  other  Monoeotjledonous  plants.  The  ipathe  may  bo 
hAd  green  like  an  ordinary  lenf,  as  in  the  CuclEiM>-pint,  or 
nionnd,   as   in   Siduirdia   eethiupiea.     In   some  Palms   thesu 

Fiu.  397. 


?I*sthe*  aie  of  great  length,  sometimes  even  ss  much  as  twenty 
^et ;  and  as  many  as  200,000  fiowers  have  been  counted  in  them. 
^metuneBthespadixof  a  Palm  branches  (^i/.  412),  and  then  we 
frequently  find  smaller  spathes  surrounding  its  divisions,  which 
'lave  been  named  tpat}:eUse.  Some  botanists  restrict  the  term 
*|>allie  to  the  large  enveloping  biact  of  the  spadix,  and  call  the 
^tlier  bracts  of  a  Uke  character  »pathacei/\ts  bracU. 

Besides  the  bracts  which  surround  the  head  of  flowers  of  the 
Compositte  and  form  an  involucre,  it  frequently  happens  that 
the  indindual  flowers  (Jig.  309,  a,  a)  are  also  provided  with  UtUa 
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bracts  or  bracteoles,  />,  h,  wliich  are  then  generally  of  a  mem- 
branous nature,  and  colourless,  as  in  the  Chamomile.  These  hare 
received  the  name  of  palese^  but  as  this  term  is  applied  to  certain 
special  bracts  found  in  Grasses  (see  below),  they  are  better  nanted 
scales,  or  by  some  other  term  which  expresses  their  texture  ind 
character.  « 

The  only  other  bracts  which  have  received  special  names  ue 
those  found  in  Grasses  and  Sedges.    Thus,  the  partial  inflo- 
rescence of  a  Grass,  termed  a  loctuta  or  apikeltt  {ptLge  ld6),  luM  at 
its  base  one  or  two  bracts,  which  are  called  glumes  {fig.  40O, 
47^,  gl).     In  the  Cyperacece  each  flower  is  surrounded  by  similar 
bracts.     In  the  Grasses  we  also  find  that  each  flower  has  two 
other  bracts  {fig.  400,  p$y  pi)^  which  are  commonly  called  pales  ox 
pale« ;  and  also  f  req  uently  at  the 
base  of  the  ovary  there  are  two 
or  more  little  scales,  also  of  the  ^^^^ 

nature    of    bracts,    which    are  ^^^^^^  fi 

usually  termed  8qiuimu1^.y  gin- 
melluksy  or lodiculss  {fig.  596,s/>). 

Fig.  399. 


Fio.  400. 


Fio.  399.  Pereptacleof  tlie  Chamomile  (AuthimisnobilU)  heuing  flowers,  a, «, 
and  liracto  or  bracteoles,  6, 6 :  the  latter  are  sometimes  termed  /b/«r. 
The  receptacle  Is  here  drawn  mncb  too  lanre  at  the  aper,  it  shonU  be 

conical  In  form. Fi(r.400.  Loctittaorspikeletof  the  Oat  (Arena  mtira). 

gl,  gl.  Glumes,    p*,  pi.  Pnl^te  or  Pairs,    a.  Awn  arising  from  the  donsam 
of  the  outer  pale,  pi.    U.  An  abortive  flower. 

2.    THE  PEDUNCLE  OE  FLOWBB-STALK. 

The  term  peduncle  is  applied  to  the  stalk  of  a  solitary  flower^ 
whether  axillary  {fig.  389,  6,  6),  or  terminal  {fiq,  397),  or  to  a. 
floral  axis  which  bears  a  number  of  sessile  flowers  {fi^s,  408  and 
409)  ;  or  if  the  floral  axis  branches  and  each  branch  bears  a  flower 
{figs.  417  and  418),  the  main  axis  is  still  called  t^ptdfwndty  and  the 
stalk  of  each  flower  a  pedicel ;  or  if  the  axis  be  still  further  sub- 
divided, the  general  nam^  of  peduncle  {fig,  419)  is  applied  to  the 
whole,  with  the  exception  of  the  stalks  immediately  supporting 
the  flowers,  which  are  in  all  cases  called  pedicels.  When  the  flmu 
axis  is  thus  branched,  it  is  better  to  speak  of  the  main  axia  as 
the  primary  axis  {fig.  419,  a'),  its  divisions  as  iheteeondary  axes 
o",  and  their  divisions  as  tho  tert^xiry  axes  a%  &c. 

Kindt  of  Feduiicle, — Under  certain  drcumBtaoces  pednncies 
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liATeRceiTed  special  names.  Thus,  when  a  peduncle  ia  elon- 
giied,  and  giTea  off  from  its  sides  sessile  flowers  {Jin8.  408  and 
409),  or  bnnches  b^iring  flowers  (Ji^fs.  417-419),  it  is  called 
the  focAu  or  axis ;  but  if,  instead  of  being  elongated  in  a 
bm^tudinal  direction,  it  becomes  shortened,  more  or  less  dilated, 
ind  commonly  bearing  numerous  flowers,  it  is  termed  the 
rtctptadt.  This  receptacle  varies  very  much  in  form  ;  thus, 
it  ii  flattened  in  the  Cotton  Thistle  {Jig.  422),  conical  in  the 
Clumomile,  concave  and  fleshy  in  the  Dorstenia  (Jig.  402),  pear- 
shaped  aud  hollowed  out  in  the  Fig  (Jia.  401) ;  or  it  assumes  a 
▼Miety  of  other  intermediate  fonns.  The  peculiar  receptacle  of 
the  Dorstenia  is  sometimes  termed  a  aenanthinm  ;  and  that  of 


Fig.  401. 


Fitj.  'Ur2. 


Fig.  Afs\,  HTpanthodium  of  the 
Kig  {FiatM  Carica),  showing 
pe«r-«hftped  flwhy  receptacle 
boulng  flowers  on  its  inner 

lorface. Plff.  409.  Coenan- 

thinm  of  ft  tpeclea  of  Dor^- 
nia. 


the  T'ig  a  hypafUhodium  ;  or  by  some  botanists  both  kinds  are 
distinguished  by  the  latter  name. 

It  should  be  observed,  that  the  term  receptacle  is  also  applied 
^y  some  botanists  to  the  extremity  of  the  peduncle  or  pedicel, 
^pon  which  the  parts  of  the  flower  are  placed,  whether  enlarged 
or  not,  and  whether  bearing  one  or  a  number  of  flowers  {see 
Thalamus). 

When  plants  which  have  no  aerial  stem  bear  flowers,  the  ped- 
pnde  necessarily  arises  at,  or  under  the  ground,  in  which  case  it 
is  called  a  acape  or  radical  peduncle  {Jig.  397),  as  in  the  Spring 
Suowflake,  Tulip,  Hyacinth,  Primrose,  Cowslip,  &c.  The  scape 
may  either  bear  one  flower  as  in  the  Tulip,  or  several  flowers 
M  in  the  Hyacinth. 

Forms  of  Peduncle. — In  form  the  peduncle  is  generally  more  or 
leas  cylindrica],  but  besides  the  departure  from  this  ordinary  ap- 
pearance aa  exhibited  by  the  receptacle  just  described,  and  its 
modificatioDB,  it  frequently  assumes  other  forms.    Thus,  it  may 


lieoume  more  urlesa  comj)rcE3eil,  (it  gruDvcd  ill  various  miys,  <irii 
iiia^  become  exceBHi  vel;  enlarged  during  the  ripening  of  the  fruit, 
aa  in  the  Caaheir-nut;  or  it  may  assume  a  apiralappearBiice.uiii 
the  Vallitneria(_fig,  403);  or  become  spiny,  or  tnmsforaedinto* 
tendril  ;  or  it  may  be  hollowed  out  at  its  apex,  so  tu  to  form 
a  cup-dhaped  body,    to   which   tlje  lower  part  of  the  calyx  it 
attached,  as  in  EtchKhoUiia  ;  or  other  modilicatioiis  may  occur. 
In  some  casea  the  peduncle  or  pedicel  becomes  flattened  and 
assumes  the  form  of  a  phyllode,  in  which  case  it   is  termed 
fidiofeous  ur  phjiUuUl,  or  it  is  called  a  yhijUodadt.     Examples  t>f 
this  occur  in  the  Butcher's  Broom  (fig.  401),  where  the  floiren 
arise  from  its  surface,  and  in  Xytophi/Ua,  in  which  the  fiowft'Ti 
are   attached   to   its    margins.      Sometimes   the   peduncle,   <ri 
several  puduneles  united,  assume  an  irregular  flattened  appe&K^ 
ance,  somewhat   reseuibling   the  fosciated  branch   already  d^- 
Fiu.  403.  Fiu.  404. 


scribed  (page  107),  and  bear  numerous  flowers  in  a  lort  of  crett 
at  their  extremitiea,  as  in  the  Cockacomb. 

Inxrivni. — In  speaking  of  the  branches  of  a  stem,  we  fonnd 
that  in  some  cases,  instead  of  arising  in  the  axil  of  leavei,  they 
became  a:lTa-ax\lUiry  (p^je  107)  in  consequence  of  adheaioiu  of 
various  kinds  taking  place  between  them  and  the  atom,  and 
other  parts.  In  like  manner  the  peduncle  may  become  ez^ro- 
a:cilfary  by  contracting  adhesions.  Thua,  in  the  Lime-tT«e  (jtj- 
405),  the  peduncle  adhereo  to  the  midrib  of  the  bract,  b,  for 
Homo  distance,  and  then  becomes  free.  In  many  Solauacee,  ■■ 
in  the  Woody  Nighttthade  {fig.  406),  the  pedunde  also  beoomn 
extra-axillary  by  forming  adhesions  to  the  stem  in  varioua  wayr. 

i>uratio>i. — With  respect  to  their  duration  the  peduncle  uid 
pedicel  vary.  Thus,  they  are  said  to  be  taifiicinu,  when  they  f^ 
off  soon  after  the  opening  of  the  flower,  as  in  the  ataminate  or 
jDo/a  dowers  of  a  catkin  ;  tliej  axe  dwlilwAU,  'wWx^  V-Wj  t»!l  off 
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ifbr  the  fruit  bw  ripened,  as  in  the  Chen?  ;  thejr  are  pertidttU 
If  tWf  renuin  after  tha  ripening  of  the  frail  and  diapenion  of 
tUNid,  u  in  the  Dandelion  ;  and  thej  are  aaid  to  be  exertKtfU. 
if  th^anlam  nr  oontiiiue  to  grow  during  the  ripening  of  the 
Innl,  H  in  the  Caahew-nut. 

Fib.  40&  Flo.  406. 


3.  Kiima  c 

The   term  infloratcence  i*  used  senerally  to  indicate  tlie 
>rringement  of  the  flower*  upon  the  floral  axis,  in  the  name  way 
u  tha  term  veniatian  is  employed  in  a  general  sense  for  the 
Imugement  of  the  component  leaves  of  a  laaf-btid,  and  that 
of  estiTation  for  theflondenvelopesof  a  flower-bud.    As  flowers 
m  Tarionsly  anuieed  upon  the  fioral  axis,  we  have  a  number 
of  diffarent  kind*  of  infioreacence,  and  to  each  mode  of  arraoge- 
ment  a  particular  name   is  applied.     These   modifications  are 
always  toe  same  for  the  same  species  of  plant,  and  frequently 
for  entire  genera,  and  even  natural  orders,  and  hence  their  dis- 
crimination ia  of   great  practical  importance.     All  the  regular 
kinds  of  infioreacence  may  be  anauged  in  two  great  divisions  ; 
1  charactara  upon  which  they  depend  being   mider- 
lereral  mollifications  will  be  readily  intelligible. 
>  usually  called  Indtjmit*  or  IndeUnaitiaU,  and 
DtfittU*  or  DttenmMoti  h^oretoence.     The  former  ia  alao  now 
■omatiiBeatraHied&iCrjNndoriJotryoae  ;  and  the  latter  (^nnoK/H- 
fiortmrntt.     In  the  formar,  the  primaij  floral  axis  ii  terminated 


the  RBneral  c 
stood,  their  . 
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by  a  growing  point,  analogous  to  the  terminal  leaf -bud  of  ast«fi' 
or  a  branch  ;  hence  such  an  axis  has  the  power  of  growing 
in  an  upward  direction,  or  of  dilating  more  or  less  horizontally, 
in  the  same  manner  as  the  terminal  leaf-bud  of  a  stem  or 
branch  has  the  power  of  elongating,  and  thus  adding  to  ito 
length.     There  is  consequently  no  necessary  limit  to  the  nowih 
of  such  an  axis,  and  hence  the  name  of  Indeterminate  or  Indefi- 
nite which  is  applied  to  it.     Such  an  axis  as  it  continues  to  grow 
upwards  developes  on  its  sides  other  flower-buds,  firom  wintSti 
flowers  are  produced,   and  these,  like  those  of  a  branch,  aie 
situated  in  the  axil  of  modified  leaves  called  bracts,  as  we  have 
before  seen.  All  the  flowers  therefore  of  an  Indefinite  Inflorescence 
must  be  neceasarily  axillary y  and  hence  this  inflorescence  is  also 
termed  axillary.     The  general  characters  of  Indefinite,  Indeter- 
minate,   or  Axillary  Inflorescence,  depend  therefore  upon  the 
indefinite  growth  of  the  primary  axis  ;  while  the  secondary, 
tertiary,   and  other  axes  which  are  developed  from   it,   are 
terminated  by  flower-buds.     In  the  Dejiniie  or  DetermiiUMie  In- 
ilorescencey  on  the  contrary,  the  primary  axis  is  terminated  at  an 
early  perioil  by  the  production  of  a  flower-bud  ;  such  an  axis  has 
therefore  a  limit  at  once  put  to  its  growth  in  an  upward  direc- 
tion, and  hence  the  names  of  Definite,  Determinate,  or  Terminal 
applied  to  it.     Each  of  these  classes  of  inflorescence  presents 
us  with  several  modifications,  which  we  now  proceed  to  describe. 
1.  Indefinite,    Indeterminate,   or    Axillary  Inflob£»- 
C£N('£. — The  simplest  kind  of  inflorescence  in  this  class  is  that 
presented  by  such  i)lants  as  the  Pimpernel  (fig.  389),  in  which 

solitary  flowers,  &,  6,  are  deve- 
l  iti.  407.  loped  in  the  axils  of  what  are 

commonly  regarded  as  the  ordi- 
nary leaves  of  the  plant,  a,  a, 
although  properly  leafy  bracts, 
the  primary  axis  continuing  to 
elongate  in  an  upward  direc- 
tion and  bearing  other  leaves 
and  flowers.  The  flowers  are 
then  said  to  be  aolitary  and 
axillary.  When  such  flowers 
Fig.  407.  whoried  i^ves  or  bracte  and  are  arranged  in  whorls  round 

flowers  of  MaresTul  {Uippuru  vul-    .,  .        °  .       .v 

^ari$).  ^he  stem,  as  m  the  common 

Mare's  Tail,  each  flower  being 
axillary  to  a  leafy  bract  {fi^.  407),  they  are  said  to  be  u^uirita. 

When  a  number  of  flowers  instead  of  a  single  one  are  developed 
upon  an  elongated  or  shortened  or  dilated  floral  axis  placed  at  the 
extremity  of  a  branch,  or  in  the  axil  of  a  bract,  a  number  of 
kinds  of  indorescence  arise.  All  these  depend  upon  the  extent 
to  which  the  axis  branches,  the  mode  in  which  the  branching 
takes  place,  the  comparative  lengths  of  the  flower-stalksy  and 
other  subordinate  circumstances.     It  will  be  convenient  to  de- 
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Yui.  408. 


Flo.  401). 


";  siribe  these  various  inddifications  under  two  heivds — 1st,  thoso 

\^ ;       kmda  of  Indefinite  Inflorescence  witli  an   £lungated  Primary 

V  I       Axk;  and  2nd,  those  with  a  Shortened  or  Dilated  Primary  Axis. 

/  In  all  kinds  of  indefinite  inflorescence  it  will  l>e  found  that 

fg       the  fover-buds  always  open  in  succession  from  the  base  to  the 

m       ipsz  if  the  axis  i8  elongated  {figs.  409  and  417),  hence  these  in- 

r        ifaresoences  have  been  also  caJled  acropetal  or  aaceiidiiuj  ;  or  from 

the  drcumfeienoe  towards  the  centre  if  the  axis  is  depressed  or 

dilsted  (fig,  423),  therefore  such  forms  are  also  called  centripetal. 

This  acropetal  or  centripetal  order  of  expansion  necessarily  arisen 

from  the  mode  of  development  of  such  kinds  of  inflorescence  ; 

thus,  the  flower-buds  situated  at  the  base  of  an  eloni^ated  axis 

are  those  that  are  first  formed  and  wliich  are  coiise<iuently  the 

oldest ;   but  as  the  axis  elongates 

upwards,  it  is  continually  producint? 

other  flower-buds,  the  age  of  which 

continues  to  decrease  as  we  approach 

the  growing  point  or  apex  ;  and  as 

flower-buds    are   necessarily   most 

developed  in  the  order  of  their  age, 

it  follows  that  those  at  the  base  will 

open   first,  and  that  the  order  of 

expansion  will   proceed  gradually 

upwards  towards  the  apex,  or  (ncro- 

pitally.   In  the  same  way  the  flower- 
buds  situated  at  the  circumference  of 

a  shortened  or  dilated  axis  are  first 

formed,  and  those  nearest  the  centre 

or  growing  point  last,  and  therefore 

their  expansion  will  proceed  from 

the  circumference  to  the  centre,  or 

centripetally. 

A.  Kinds  of  Indefinite  or  In- 

deUrnwnaU    Inflorescence  with    an 

Elattgated  Primary  Axis,  —  These 

are  as  follows : — 

a.  TheSjpke. — This  is  a  kind  of  in- 
florescence in  which  the  floral  axis  is 

elongated  and  bears  sessile  flowers, 

or  flowers  in  which  the  pedicels  are 

▼ery  short,  so  as  not  to  be  clearly 

distinguishable.      Examples  of   it 

may  he  seen  in  the  Rib-grass  {fig, 

408),  and  Vervain  {fi^,  409).     In 

this  kind  of  inflorescence  it  will  be  obser\'ed  that  the  flowers 

at  the  lower  part  of  tJie  spike  have  passed  into  fruit  {fig,  409), 

while  those  near  the  middle  are  in  full  flower,  and  those  at  the 

top  are   still  undeveloped.      Such  an   inflorescence    exhibits 

ihereforei  in  a  marked  degree,  the  acropetal  order  of  expansion, 

o2 


Fig.  408.  Spike  of  a  species  of 

nib-graas  (Piantugo). FUj, 

409.  fc*pike  of  Vervain  {Vti-- 
Una). 


lJ(i  \mi:mum.— srii'ix. — i.OilLSTA. 

There  are  five  otiier  kinds  of  iniletiuit*  indorescenw  iiliicli 
are  simply  itiodificationB  of  the  spike.  These  are  the  Amentuin 
ur  Catkin,  the  Spadii,  the  Lociut&,  the  Cone,  uid  the  Strobile- 

b.  TKe  Amentjim  or  Catkin.— TYaa  is  ft  kind  of  ipike  whicb 
nsually  bears  barren  Uuwen — thatij,  only  ttaminate  (jE^.  HO),  or 
only  pistillate  (Jig.  411)  ones.  The  flowen  o(  an  uuentiua  »Xt 
also  usually  separated  from  each  other  by  sc*ly  bracta.  Mid  the 
whole  inflcirescence  (at  least  aa  regards  the  staminate  catldna) 
commonly  falls  off  in  one  piece,  soon  after  the  procsM  of 
flowering.  The  bracts  have  sometime*  on*,  or  at  other  tiin«> 
teveral  flowers  in  their  axils.  All  plants  with  this  kind  of  inflor- 
escence are  called  attKntacernu  oi  amentifanm*.  Our  trees  afford 
IB  examples,  as  the  Oak,  Willow,  Birch,  and  Poplar. 

Fic-IIO.  Fio.411. 


c.  The  Spadix  is  a  iipika  with  a  Buccnlent  axis,  in  which  tha 
individual  flowers  have  no  special  bntct*,  but  the  whole  in- 
florescence  enclosed  in  that  variety  of  bract  which  ia  called 
ft  spatlie.  This  is  well  seen  in  the  Cuckoo-pint  (Jig.  396). 
Sometimes  the  spadix  branches,  as  in  Palms  {fig.  412),  in 
which  case  it  is  called  conatov,nd  or  frmncAtntf.  Ilie  tens 
s[>adix  is  alno  frequently  applied  to  a  suocnient  spike,  whattiw 
enveloped  in  a  spathe  or  not,  as  in  the  Sweet  Flag*  (AcorMi 
Calamat). 

A.  The  Locuria  or  .^mt«{et.— Thia  name  ia  ap^ted  io  the 
partial  inflorescence  of  Grasses  {fig.  400),  aul  of  planti  of  tin 
Sedge  Order.  It  is  »  spike  with  a  few  flow«a«,  and  theaa  dMti- 
tute  of  a  true  calyx  and  corolla,  their  place  being  oocupi«d  by 
paUm  or  poles  {fig.  400,  pt,  pi),  and  the  whole  iafloreaoeacei  nir- 
rounded  at  the  Mae  by  one  or  two  empty  bracts  (^hiiiuj),  ^,  gJ. 
These  spikelets  may  be  either  arranged  MMils  on  the  flonl  axis 
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orndiii  {Jig.  413),  us  in  Wheat,  or  thay  may  be  placed  on  it 
igcnorlcM  branched  luis,  aa  in  the  (lat  (  n'lf.  414).  The  apike- 
Iriicf  plcnta  of  the  Sedjje  Order  prexei.t  certain  peviiliarilie*, 
bU  tier  are  eaaentially  of  the  same  nstiiru  as  those  of  CraatM. 


e.  Th*  Cone. — Thia  la  a  kind  of  apike,  found  in  plants  of  the 
order  Comfene,  aa  the  Larch,  Fine,  and  Fir  [Jigs.  2dS  and  416). 
It  ii  compoMd  of  a  ooUection  of  imbricated  icaiea  or  open  corpela 
Hiaing  nam  the  axil*  of  bracta,  and  bearing  two  or  more  ovulea 
«tt)iurfaaae(jl0.  16,  tni). 

TheoooiSia  sum etimea regarded  aa  the  fruit  or  pKudocarp  of  a 
lingl*  flower,  and  not  an  mfloreicence  or  collection  of  flowera 
aa  here  deacrib«d.  Some  botaniits,  again,  do  not  diatinguiah 
betwMn  a  cona  and  a  abubile,  but  put  the  two  infloreaoences 
together  under  the  common  name  of  ame  or  drobihu,  which 
tb«T  define  aa  a  collection  of  pertiatent  woody  or  membranoua 
acaleaor  bracta,  each  of  wbicbbeart  apiitillate  flower  at  its  base. 

f.  JTm  Stnbaus  i»- Slrobiie.—JiaM  JM  a  kind  of  ipike  ioniL«4 
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iif  persistent  membranous  bracts  or  Bfiales,  each  of  which  tears 
at  its  base  a  pistillate  tlowcr.     It  is  Been  in  the  Hop  {Jig.  416). 

All  the  kinds  of  indefinite  inflorescence  at  present  oeschbed 
owe  their  essential  characters  to  the  flowers  being  mitiU  Dpoaan 
elongated  axis.  We  now  pass  to  describe  others,  in  which  the 
axiti  is  more  ur  leu  branched,  and  the  flowers  conseqnentlj 
situated  upon  stalks.     The  simplest  of  these  is  the  Raceme. 


of  Clmtf  iPna 


g.  The  Raeeme.—Thu  name  is  applied  to  that  form  of  ii 

ceiice  in  which  the  primary  axis  is  elongated,  and  bean  flower* 
placed  on  pedicels  of  nearl;  equal  length  (fig.  417).  It  onlf 
differs  from  the  spike  in  the  flowen  being  distinctly  stalked  in- 
stead of  sessile  or  nearly  so.  Examples  occur  in  the  Corrant, 
Mignonette,  Hyacinth,  LRbumum,  Barbeny,  and  Fumitory. 

h.  The  Corymb. — liiis  is  a  kind  of  raceme  in  wUck  tha  pedi- 
cels are  of  different  len^hs  (Jig.  418),  -vis.  those,  a"  a",  at  the 
base  of  the  primanr  axis,  a',  longer  than  those  towards  and  at 
the  apex,  so  that  uie  whole  form  a  level,  or  nearly  lerel  top. 
Bxamplea  may  be  seen  in  some  species  of  Pruniu  {Jig.  418)^ 
When  the  stuki  or  secondary  axes  of  a  coiymb  (Jig.  419,  a'") 
instead  of  bearing  flowers  immediately,  divide  and  form  tertiary, 
a"'  a'",  or  other  axes,  upon  which  the  flowers  are  then  placed, 
it  is  termed  eompmtnd  or  l/ranehing,  aa  in  some  spcotes  of  Pyrvt. 
TbiB  may  olio  be  called  a  panuled  corymb,  \o  duAASf^^aL  i\  Cconi 
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tlwfotmeTOr  (inwic  coljmb,  which  ia  then  termed  a.  raeemm 
etrpth.   ItiometUDMhtippetuthBtwheiitbeflowerBarelintdevc 


Fly.  4W.  Fuide. 


Iup»d  thef  form  %  earjwb,  but  as  the  primaiy  aiii  elongates  & 

TBOMneisprodnOMl;  tnia  mfty  be  seen  in  manfCmciferoua  plants. 

In  MFwa/  ^eoiem  of  Juneiii  and  Litzala,  the  pedice\>  rA  "Can 
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luwer  flowers  are  to  luDg  that  ihoj  are  cluvuivd  iilmvu  t]\v  Il{<|^'^ 
on«B,  in  which  eaao  tb«  indorMoence  ii  sometuiitHi  tliatiu^uulii^l 
by  the  tenn  atUhela, 

L  The  Panidt. — Thu  u  a  aort  of  compound  raceme,  thitv 
tu  aay,  a  raoeue  in  which  the  aecondary  axea,  inatead  of  in- 
ducing flowerB  directly,  branch,  and  foim  tertiaiy  axei,  &e.,  tlia 
ultimate  subdivieiona  of  which  bear  the  flowen  (Jig,  420).  Ex- 
amples occur  in  the  Yitcca  gloruna,  and  in  the  gen«i«l  aiTaDgt- 
ment  of  the  partial  influrescenceB  of  the  Oat  ^fig.  414). 

k.  TIte  T/iifrni*  or  Tliifrtt. —Thit  i»  a  kind  of  panicle  which 
ia  much  brauchad  ;  the  pedicels  generallj  very  ihort ;  and  th« 
whole  anunged  au  aa  tu  form  a.  compact  cluatw  of  »  pynunidil 


form  (Jiij.  431).     Examplea  laay  be  found  in  the  Honecbeatniit 
and  Idlac. 

B,   Kinds  of  IitdtfiniU  L\fior€t<xnee  with  a  Surteiud  or  Dilaiai 
Primary  Ajcii. — Of  theae  we  diatinguiah  two  phndpal  vane- 
"■~  Oapitnlum  or  Anthodium,  and  the  Umbel. 

-    'inthodinm,  or  Head. — Thia  infloreacenoe 


tathOMBCVICBS. — THE    UKUL. 


iu  the  Cotton  Thistle  (Jig.  422) ; 
booBvez,  H  in  the  Duulelion  ;  or  oonickl,  u  in  the 
■W  ;  or  globular,  «■  in  the  American  Buttwi  Bush  ;  or 
.  Ae.,  hj  which  a  variety  of  forma  ia  given  to  the  c^i- 
Ul  kmd  of  indufinite  infloreBaence,  as  well  aa  all  others 
ftMUid  or  dilated  primary  axea,  also  exhibit  a  oentri' 
V  id  expansion-  This  may  be  well  seen  in  the  capitu- 
teSoaUoiu  (^.  423),  where  the  outer  florata  are  fully 
I,  thoM  within  Ukem  less  so,  and  thoae  in  the  centre  in 
mad  oondition.  Here  therefore  the  order  of  expansion 
Is  the  centre — that  is,  centripetolly .  The  capitulum  is 
umI  form  of  inflorescence  in  plants  of  the  natural  orders 
tm  and  Dipaacacete  ;  it  iii  aUu  found,  more  or  Uik,  in 
an  allied  to  these. 


rrangement  of  the  flowers  of  the  Fig  (Jig.  401)  and  Dor- 
g.  402}  also  closely  resembles  that  of  an  ordinary  capitu- 
tbeinvolucreisin  these  inSorescenceaalwayHsbBBnt,  and 
n  commonly  uniaezual  and  developed  centrifu gaily. 
I  UmbeL — When  the  primaryaiis  is Bhorteued,  and  gives 
its  apex  a  number  of  secondary  axes  or  pedicels  of  nearly 
gtii,  each  bearing  a  flower,  and  the  whole  arranged  like 
a  an  umbrella,  an  umbel  is  formed  (Jig.  424],  as  in  the 

and  Cowslip.  When  the  secondary  axes  themBelves 
lid  form  terliaiy  axes,  which  are  also  arranged  in  an 
t  manner,  a  eompowid  vmM  ia  produced.  This  is 
the  Carrot  (fig.  393),  the  Fennel  (Jig.  425),  the  Fool's 

tha  HemkioJt^  and    otfaer   allied  ^&ntB,  vWcb  u« 
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lience  called  uniMlifrroiit,  and  give  the  name  to  the  natural  order 
Umbellifern.  In  the  compound  umbel  (fig.  425),  the  prinuf 
vmbelaiacalledthe^cneraf  umbtl,  and  the  other  umbelB,  6,6, b, 
formed  by  the  dirigionH  of  thia,  partitU  nmbeU  or  nmbdlvUL 
When  the  base  of  the  general  umoel  is  surrounded  bf  a  triwil 
of  bracta  (fig.  393,  a)  they  constitute  a  jtcnero/  tnoolMcn ;  and  if 
otlier  bracts,  b,  h,  ore  arranged  in  a  similar  manner  around  tk 
partial  umbels,  each  of  these  whorls  of  bracta  forms  an  mnJwcIo 
}iartial  involucre.  These  varieties  of  airtuigement  have  btm 
already  alluded  to  when  sptiaking  of  bracts  (page  187). 


2.  Dbfinitk,  Dbtekminatb,  ob  Teknixal  Intlobbscbkcb. 
— In  all  kinds  of  definite  infloroeoence  the  primary  axis,  as  we 
have  seen,  page  IM,  is  arrested  in  its  growth  at  an  early  age  by 
the  development  of  a  terminal  flower-bud,  and  if  the  axis  bean 
no  other  fiowers  this  in  called  a  tolilary  terminal  flower,  and  ia 
the  simplest  form  of  this  variety  of  inflorescence.  Esamplea  of 
this  may  be  seen  in  the  stemless  Gentian  (fig.  426),  and  m  the 
Wood  Anemone  (Anemmie  nemoroaa).     When  other  flowen  are 

Ciduced  on  auch  an  axis,  tHey  must  necessarily  arise  from  azil- 
y  buds  placed  below  the  terminal  flower-bnd  ;  and  if  thsM 
form  secondary  axes  (fig.  427,  a"),  each  axis  will  in  like  manner 
be  arretted  in  its  growth  by  a  terminal  flower-bud/';  and  if  other 
axes  a'"  are  developed  from  the  secondary  ones,  Ukese  also  most 
beaiillaiy,  and  will  be  arrested  in  a  similar  manner  by  flowers/'", 
and  these  axes  may  also  form  other  axes  of  a  like  oharMstor, 
and  so  on.  Hence  thin  mode  of  infloreaoenoe  is  d^ft^iU,  Aettr- 
minatt,  or  termttuif,  in  oontradistinctionto  tkaformer  orind«fi- 
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la  ofiufloreMence  »lra«dT  de()cribed(page  193),  where  the 
aiii  dongkUa  indefinitely  udIsh  (topped  by  some  extra- 
UM.    DMut«  inflor- 

■nmDrtcon.mo&u.d  I'"'  «"■ 

B^BDta  with  opposite 
M  Uavet,  but  thev 
mr  in  thoae  which 
MSkte  leftve*,  u  for 
in  the  apedes  of 
thaOty.  487).  Inde- 
lanaeancMthe  flowsr- 
MMiilr  follow  ft  diffe- 
Iv  of  expuiaion  from 


va  inthem  th«  termi- 
rji  tiw  fint  dereloped 
■Mnwnilr  the  oldest 
f^  Mid  otiier  flower- 
ipmdoced  in  ancces- 
n  the  apex  to  the 
;ha  ftzia  be  elong&ted, 
or  if  ahoTtened  or  di- 
PM  the  centre  to  the 
naoe.  The  npper- 
war-bnd  of  the  eion- 
^  {M-  *27.  /),  and 
nl  one  of  the  ahur- 
r  dilitted  szia  will 
^  open  fliat ;  ajid 
nnoat  of  the  former 
the  moet  estenud  of  ''^;  \ 
r,  Uat.  Such  on  order  cipi 
laion  ia  called  «iv<ri-      ■'v'' 

■   re/runK.      Hence      «ii«tmin«wibj'rao'ier-tmd,/'".''i-h'ich 
a  indefinite  kinds  of      iiimi^TtLopniciiin/'uid/'. 
mcea  are  characteriaed 

TopetaJ,  yrogratvoe,  or  ixn,iripf>,aX  order  of  axpauaion  ; 
l^inite  infloresceucea  are  iwfwnce  or  ct\\ir\jngal. 
I  oflkfimU  or  iMUrmUtaU  /ii/Itirrjiceiuy,— The  kinds  of 
infloreacence  are  Abo  termed  cymoti,  aa  the  general 
«|n<ie  ia  applied  to  ali  auch  inflorescencea.  But  auioe 
liatingnished  by  special  names  : — 
a  Cyme. — This  term  is  applied  generally  to  a  definite 
nee  which  is  more  or  leas  branched,  the  whole  being 
lin  a  corymbose  or  somewhat  umbellate  manner,  so 
nnne  either  a  flattened  head,  as  in  the  Lauruatinus 
I,  Dogwood,  and  Elder ;  or  a  rounded  one,  aa  in  the 
aft ;  or  more  or  lesa  spreading,  as  in  the  Chidcweed  {jiq. 
Cintmtti7(^,  430).     In  the  more  perfect  md  coin^ac^ 
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form  of  cyme,  u  found  intbe  LaunutiDUBUid  Elder,  the  fiowir- 
buda  are  all  nearly  perfect  before  any  of  them  open,  and  then  lh« 


^Ceof  truit;  thoBownurf  tlii»tm<t  •• „ 

lo  (tnlt,  bat  !(■■  denloped  Uiu  that  of  I*,  whlla  u  Utfuua'"  tbeOiMNn 

in^an  ajaaOti. /V-  *>>>■  Dlcliadil  crueorDlcllMlDm  ttWf  Ontun 

..,.j      a',a",ar,a^.   Flonl  mam.    /'j/",/",/-*. 

thaa uca iHpKtlTely.    Tli«<lowaiwlIlb«<il)iaTi< 
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ttkm  place  rapidly,  commencing  in  the  centre  of  the 
I  then  in  the  centre  of  each  of  its  divisions,  and  thence 
{ in  an  ovitward  direction ;  and  as  the  central  flower  of 
BT  oorreaponds  to  the  apex  of  a  branch,  the  expansion 
)le  is  centrifugal  By  attention  to  this  order  of  ex- 
ich  cymes  may  be  always  distinguished  from  indefinite 
nfloresoenoe,  such  as  the  umbel,  or  corymb,  to  which 
they  bear  in  many  cases  a  great  resemblance.  In  the 
1  (fig,  429),  and  many  other  plants,  the  formation  of  the 

Fio.  482. 


Fio.  431. 


ked  ^me  of  Sedmn.    This  is 
9aolM  M  m  form  of  monochaaUL, 

or  nnOftteral  cjrtM Fig.  432. 

ypsM  of  a  species  of  Campanula. 
r  axis,  termiiutted  bj  a  flower,/'. 
Orewly  witherinir.  a",  a'\  a", 
■3BeB»  each  ending  in  a 'flower, 


y  tertiary,  and  other  axes  a",  a'",  a"",  goes  on  through- 
rowing  season,  and  in  such  cymes,  which  are  usually 
e  or  less  spreading  nature,  the  centrifugal  order  of 
.  may  be  well  observed. 

bove  cymes  are  sometimes  characterised  according  to 
er  of  their  branches  as  dichotomous^  &c. ;  thus  they  are 
HIS,  as  in  the  common  Centaury  {fig,  430),  when  the 
xis  a'  is  terminated  by  a  flower/',  at  the  base  of  which 
nots,  each  of  which  de ^elopes  in  its  axil  secondary 
%'\  ending  in  single  flowers,  f%  f'\  and  at  the  base  of 
keae  flowers  there  are  also  two  other  bracts,  from 
rfciary  axes  a,''\  a''\  are  developed,  also  terminated 
\f'\f'\  and  so  on,  and  as  the  division  in  this  case 
i£w  PJf^  ^^  ^^o  branches,  the  cyme  is  said  to  be 
mm.    The  cyme  of  the  Chickweed  \fi^,  429)  is  also 
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dichotommis.     The  dichotomoius  cyme  is  also  called  a  hipamu^ 
cyme  or  dichasium.     This  is  not  a  true  dichotomous  branching 
(see  page  104),  but  only  apparently  so,  in  consequence  of  the 
greater  development  of  the  lateral  branches  as  compared  with 
that  of  the  terminal  one. 

Such  cymes  are  also  frequently  characterised  as  corymbose, 
or  umbellate,  from  their  resemblance  to  the  true  corymb,  or 
umbel ;  or  as  globose,  linear,  &c. ,  according  to  their  genenl 
form. 

When  a  definite  inflorescence  does  not  assume  a  more  or  less 
corymbose  or  umbellate  form,  as  in  the  ordinarr  cyme  just  de- 
scribed, it  is  best  characterised  by  terms  derived  from  the  kind  of 
indefinite  inflorescence  to  which  it  bears  a  resemblance.     Thus 
when  a  cyme  has  sessile  flowers,  or  nearly  so,  as  in  the  Sedum  (Jig. 
431 ),  it  may  be  described  as  a  spiked  cyme ;  when  it  has  its  flowers 
on  pedicels  of  nearly  equal  length,  as  in  the  Campan/ula  {Jig.  432), 
as  a  racemoae  cyme  ;  or  when  it  assumes  the  form  of  a  panicle, 
as  in  the  Privet  (Jig.  433),  as  a  panicled  cyme.     These  latter 
terms,  however,  although  in  many  cases  very  characteriatic,  are 
but  little  employed.     These  forms  of  cymes  are  readily  dutin- 
giiished  from  the  true  racemes  and  other  kinds  of  indefinite 
inflorescence,   by  the  terminal  flowers   opening  first,  and  the 
others  expanding  in  succession  towards  the  base,  or  in  a  centri- 
fugal manner ;  while  in  the  true  raceme,  and  the  other  kinds 
of  indefinite  inflorescence,  the  flowers  open  first  at  the  base  and 
last  at  the  apex,  or  centripetally. 

Besides  the  ordinary  cyme  and  its  varieties  mentioned 
above,  other  kinds  of  cyniose  inflorescences  have  also  received 
particular  names,  as  the  Helicxtid  or  i!korpioid  Cyme,  the  FcuHcle, 
the  GlamerHlCf  and  the  Verticilkister ;  these  we  must  now  briefly 
describe. 

b.  Helicold  or  Scorpioid  Cyme. — This  is  a  kind  of  cyme  in 
which  the  flowers  are  only  developed  on  one  side,  and  in  which 
the  upper  extremity  is  more  or  less  coiled  up  in  a  circinate 
manner,  so  as  frequently  to  resemble  a  snail,  or  the  tail  of  a 
scorpion ;  hence  the  names  helicoid  and  scorpioid  by  which  such 
a  cyme  is  distinguished.     This  kind  of  cyme  is  especially  deve- 
loped in  plants  of  the  Boraginaceaa,  as  the  Forget-me-not  (Jig. 
4^),  and  the  Comfrey  (Jig.  435).     In  these  plants  the  bracts 
are    alternate  ;    but  such  a  cyme  may  also  occur  in  plants 
with  opposite  bracts,  and  the  manner  in  which  it  is  most  com- 
monly believed  to  be  formed  in  the  two  cases,  is  as  follows  : — 
Thus,  in  plants  in  which  the  bracts  are  opposite,  it  arises  by  the 
regular  non-development  of  the  axes  on  one  side,  while  those  on 
the  other  side  are  as  regularly  produced.     This  will  be  readily 
explained  by  a  reference  to  the  diagram  (Jig.  436).     Here  a 
represents  the  flower  which  terminates  Lhe  primary  axis  ;  at  the 
baise  of  this  flower  are  two  bracts,   only  one  of  which  de- 
velopes  a  secondary  axis  6,  which  is  in  like  manner  terminated 
by  a  Sower,  at  the  base  of  wbicb  ate  also  two  bracts^  only  one 
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of  thi^i  (Le.  QiMt  on  the  ume  ude  with  ths  fint)  produces  » 
t«rtia7Uii,e,  *lio  teraiiuftted  bya  flower  with  two  bract*  »,t  its 
bm,  OM  ot  which  giT«a  origin  to  another  ftxii,  il,  placed  in  a 


a/Cbiiifrr>7(4™fitirr«neflc(iult). 
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similar  manner,  and  so  on.  The  place  of  the  axis  which  ia  un- 
developed at  each  ramification  is  indicated  by  a  dotted  Hne.  In 
consequence  of  this  one-sided  (or  as  it  is  called  jectMicI)  ma^iyif 
in  which  the  successive  axes  are  produced,  the  direction  of  the 
inflorescence  is  constantly  drawn  to  one  side  at  the  formation  of 
each  axis,  and  that  in  proportion  to  the  size  of  the  angle  formed 

Fig.  436.  Fig.  437. 


•--^ 


Fig.  436.  Diagrnm  to  illu<«trate  the  formation  of  a  heliocid  (^me  in  a  plani 
With  opposite  bracts,  a.  Flower  terminating  the  primary  axis.  6.  Seoon* 
dary  axis.  c.  Tertiary  axis.  d.  Qoatemary  axis.  Bach  axis  It  tannin* 
ated  by  a  flower.    The  dotted  lines  represent  the  position  of  the  ande- 

veloped  axes. Fig.  437.  Diagram  to  illustrate  the  formation  of  a  beliooid 

c\'me  in  a  plant  with  alternate  bracts.    The  figures  represent  the  ntpeo- 
tive  axes,  and  the  dotted  lines  below  the  flowers  the  position  of  the  bracts. 

hy  it  with  the  axis  from  which  it  springs,  and  thus  when  the  angle 
is  large,  and  many  flowers  are  produced  in  succession,  the  upper 
extremity  becomes  completely  coiled  up  in  a  circinate  manner 
{fi^.  430).  In  plants  with  alternate  bracts,  the  helicoid  cyme 
arises  from  the  primary  axis  {fig,  437,  1)  being  terminated  by  a 
flower,  and  giving  ofi"  below  it  from  the  uppermost  bract  a  secon- 
dary axis  2,  which  also  terminates  in  a  flower,  and  gives  off 
below  it  in  like  manner  from  the  same  side  as  the  former  a 
third  axis  3,  which  likewise  terminates  in  a  flower,  and  so  on 
as  seen  by  the  figures.  The  place  of  the  bracts  is  indicated  by 
the  dotted  lines  below  the  flowers. 

The  terms  helicoid  and  scorpioid  are  thus  used  by  qb  indiffer- 
ently to  indicate  the  same  form  of  unUaieral,  fMrnoehanaly  or 
wiiparotis  cyme.  This  is  the  sense  in  which  we  have  employed 
them  in  previous  editions  of  this  manual,  and  in  which  we 
follow  De  CandoUe,  Le  Maout,  Decaisne,  Hooker,  and  other 
botanists.  We  are  still  induced  to  do  so,  because  their  nature 
is  at  present  by  no  means  well  defined,  and  from  the  synonymy 
being  best  understood  and  practically  exemplified  in  Descriptive 
Botany,  at  least  in  this  country.  But  most  Continental  botanists 
distinguish  two  kinds  of  unipamus  cymes,  under  the  respec- 
tive names  of  helicoid  cyme  or  bostryx,  and  scorpioid  cyme  or 
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ciRMUM.  Thus  in  what  is  termed  the  helicoid  cyrnef  the  suc- 
cesHTB  Isterml  branches  always  arise  from  the  name  nide, — that 
ia,  either  right  or  left  of  the  main  axis  (see  page  104  ejid  Jig, 
2ffl,  a),  as  in  Uemerocallis ;  while  in  the  scDi'pioid  c]fme,  the 
sQcoeauTe  lateral  axes  are  developed  alternately  right  and  left 
of  the  main  axis  (see  page  104,  and^.  207,  b),  as  in  the  Kock 
Rose  {Eflianthtmum),  and  Sundew  {Drosera). 

Both  helicoid  and  scorpioid  cymes  have  been  commonly  re- 
garded as  Kympodial  inflorescences ;  and  to  ct>n8ist  of  a  series  of 
lingle-tlowered  axes,  all  of  which  are  developed  on  one  side  as  in 
the  former,  or  alternately  on  opposite  sides  as  in  the  latter.  The 
m?esiigations,  however,  in  recent  years  of  Kraus,  George  Hen- 
slow,  Guebel,  and  other  botanists,  seem  to  prove  that  the  scor- 
pioid cyme  is  not  a  sym]>odial  development,  but  a  monojK)- 
dial  or  indefinite  kind  of  inflorescence,  or,  in  other  words,  a 
imikteral  raceme. 

Plractically,  the  helicoid  or  scorpioid  cyme,  in  the  sense  as  de- 
fined by  usabove,  may  be  distinguished  from  the  ordinary  raceme, 
&t  least  when  the  bracts  are  developed,  as  follows  : — thus,  in  the 
nceme,  the  flowers  always  arise  from  the  axil  of  the  bracts, 
while  in  the  cyme  they  are  placed  opposite  to  the  bracts  (Jiy. 
^),  or,  at  all  events,  more  or  less  extra-axillary.  But  in  those 
cases  where  the  bracts  are  abortive,  as  in  most  plants  of  ihe 
Bonginaceee,  its  discrimination  from  the  raceme  is  often  difiicult, 
or  even  impossible,  and  its  nature  can  only  be  ascertained  by 
comparison  with  allied  plants. 

Other  views  of  the  nature  of  these  cymes  have  been  also 

entertained  by  botanists  ;  thus,  Kaufmann  and  Warming  believe 

that  bracteate  scorpioid  cymes  arise  from  repeated  dichotomy  of 

tbe  wgeji  of  an  axillary  bud.     The  further  discussion  of   this 

subject,   however,    would  be  out  of   place   in  an  elementary 

manual,  and  therefore  for  more  detailed  particulars  we  must 

ftfer  our  readers  to  Sachs's  '  Text-Book  of  Botany,'  translated 

hj  Bennett  and  Dyer,  page  521  ;  and  to  an  article  in  *  Trimen's 

Joomal  of  Botany '  for  January  1881 ,  on  *  The  History  of  the 

Scorpioid  Cyme,'  by  Sydney  fl.  Vines. 

c.  Hie  Faacide  or  Cmitracteil  Cynie. — Tliis  name  is  applied  to 
a  cyme  which  is  rather  crowded  with  flowers  placed  on  short 
pedicels  of  nearly  equal  length,  and  arising  from  about  the  same 
point,  BO  that  the  whole  foru)S  a  flattened  top,  as  in  the  Sweet 
William  and  some  other  plants  of  the  Pink  order  to  which  it 
belongs. 

d.  The  Glomerule.—TYdfi  is  a  cyme  which  consists  of  a  few 
Bessile  flowers,  or  of  those  where  the  pedicels  are  very  short, 
collected  into  a  rounded  head  or  short  spike.  Examples  may  be 
seen  in  many  Labiate  plants,  in  species  of  Nettle,  and  in  the  Box 
(^.438). 

e.  ne  VertieUkuter.  —  This  kind  of  cyme  is  seen  in  the 
White  Dead-nettle  (^,  388),  and  usually  in  other  pUnts  of  th« 


Labiate  order  U>  whicli  it  bulungs.  In  it  the  fluwen  &ppeuii.t 
brat  Bight  to  be  lUTanged  in  whurla  aruund  the  axi«,  but  upon 
extuuinatiun  it  will  be  seen  that,  in  each  apparent  whorl,  thore 
are  two  cluBten  or  gloinenilan  aiillarj  to  two  iaaSj  bracta,  tto 
ceDtnd  dowers  of  which  open  fin>t,  and  hence  the  mode  of  «- 
panaion  ii  centrifugal.  To  the«e  false  whorls  thus  formed  oC 
two  cymose  axillary  glonienilea,  the  term  veHieilUuUr  is  fi*- 
quently  applied.  This  varietj  of  inflorescence  ii  eometimw 
regarded  as  a  contracted  form  uf  the  dichasium. 

We  have  now  finished  our  description  of  the  different  kinds  of 
regular  intioretcence,  and  from  what  we  have  already  Mated,  it 
may  be  readily  uuduratood  that  they  may  be  situated  either  at 


the  apex  of  the  stem,  or  at  the  extremities  of  branches,  or  in  the 
axil  of  bracts.  But  besides  the  above  regular  kinds  of  inflor- 
eMcence,  all  of  which  are  comprehended  under  the  two  divisions 
of  indefinite  and  definite,  tLere  is  a  third  division,  which  con- 
sists in  a  combination  of  these  two  forms,  to  whmh  the  term 
jKuxed  inltiiraceiice  lias  been  accordingly  given. 

3.  Mixed  Inflokksi^bnce. — This  kind  of  inflorescenoe  i*  by 
no  means  uncommon.  It  is  formed  by  the  general  infloteacencfl 
developing  in  one  way,  and  the  partial  or  individnsl  inflor- 
escences in  another.  Thus  in  plants  of  the  natural  order  Com- 
poaitK  (  Hg.  439),  the  terminal  capitulum  is  the  first  to  expand, 
and  the  capitula,  as  a  whole,  are  therefore  developed  in  a  centri- 
fugal maooer  ;  while  the  individual  capitula  open,  aa  w«  hare 
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seen  (page  201),  their  small  flowers  or  florets  from  the  cireum- 

fei^oce  to  the  centre,  or  centripetally  ;  hence,  here  the  general 

ioilaresoence  is  definitfj  and  each  partial  inflorescence  indejiniic. 

In  Labiate  Plants  we  have  a  directly  reverse  arrangement,  for 

hte  the  individual  verticillasters   open   their  flowers  centri- 

fbgillj  (Jig,  388),  but  the  general  inflorescence  is  centrii)ctal  ; 

lienoe  the  general    inflorescence  is  here  itidi'Jinii^,  while  eacli 

jNutial  inflorescence  is  definite. 

Section  2,     Of   the  Parts  of  the  Flower  ;  xsd  their 

ARRA29GEMENT  IN  THE  FloWER-BUD. 

In  common  language,  the  idea  of  a  flower  is  restricted  to  that 
portion  in  which  its  bright  colours  reside  ;  but  botanically,  we 
ondervtand  by  the  flower,  the  union  of  all  the  organs  which  con- 
tribute to  the  formation  of  the  seed.     We  liave  i  Ircady  stated 
that  the  parts  of  the  flower  are  only  leaves  in  a  modifled  condi- 
tion, or  rather,  the  analogues  of  those  organs,  or  htnrujIogoVH 
fomistions  adapted   for  special   purjwses  ;   and  that   hence   a 
flower-bud  is  to  be  considered  as  the  analogue  of  a  leaf -bud ,  and 
the  flower  itself  of  a  branch,  the  intemodes  of  which  are  but 
slightly  developed,  so  that  all  its  parts  are  placed  in  nearly  the 
same  plane.     The  detailed  examination  of  this  theoretical  notion 
of  a  flower  will  be  reserved  till  we  have  finished  the  description 
of  ita  different  parts  or  organs,  when  we  shall  be  bt^tter  able  to 
understand  it,  as  well  as  other  matters  connected  with  its  sym- 
metry, and  the  various  modifications  to  which  it  is  liable.     {S*ie 
Genmd  Morphology.) 

1.    FARTS  OF  THE   FLOWER. 

The  parts  of  a  flower  have  been  already  treated  of  in  a  gener;d 
manner.  (See  page  15.)  But  before  describing  them  in  detail 
we  must  treat  of  their  arrangement  in  the  flower-bud — that  is, 
of  xdivation, 

2.    iESTTVATION  OR  PRJaXORATIOX. 

Ab  the  general  arrangement  of  the  rudimentary  leaves  of  the 
leaf-bud  is  called  vernation  (the  spring  state),  ho  the  mode  in 
which  the  diflerent  parts  of  the  flower  are  disposed  in  the  flower- 
bud  ia  termed  their  autivation  (the  summer  state),  or  pneflora- 
tiun.  The  various  modifications  of  urstivation  are  generally  the 
■ame  as  those  of  vernation,  and  the  terms  employed  in  describ- 
ing them  are  therefore  the  same ;  but  the  former  present  some 
pecoliaritieB,  which  renders  it  necessary  for  us  briefly  to  refer  to 
their  diflferent  arrangements.  The  terms  used  in  aestivation 
especially  refer  to  the  relative  positions  of  the  component  parts 
of  the  calyx  and  corolla^  because  the  stamens  and  carpels,  fvovci 
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their  peculiar  forms,  cjin  give  us  no  such  arrangements  of  their 
jmrts  as  are  exhibited  by  the  floral  envelopes. 

In  describing  the  modifications  of  {estivation,  we  have,  as  ifi 
the  case  of  vernation,  to  include  :  Ist,  the  disposition  of  each  of 
the  component  parts  of  the  floral  envelopes,  considered  inde* 
pendently  of  the  others ;  and  2nd,  the  relation  of  the  several 
members  of  either  of  the  floral  enveloi>e8  taken  as  a  whole  in 
respect  to  one  another.  With  regard  to  the  disposition  of  eadi 
of  the  component  parts  of  the  floral  envelopes  considered  inde- 
pendently of  the  others,  the  same  terms  are  used  aa  in  similar 
modiflcations  of  vernation  (i^a^e  149),  with  the  addition  of  the 
crumpled  or  comigafed  form,  which  is  not  found  in  the  parts  of 
the  leaf -bud.  This  latter  variety  maybe  seen  in  the  x>«tal8  of  the 
Poppy  (Pai)aver)f  and  Rock-rose  (Hdianthemum)  :  and  it  derives 
its  name  from  the  ptu-ts  being  irregularly  contracted  into  wrinkled 
folds. 

With  respect  to  the  relation  of  the  several  members  of  either 
of  the  floral  envelopes  taken  as  a  whole  to  one  another,  various 
modiflcations  occur,  all  of  which  may  be  arranged  in  two  divisions: 
namely,  the  Circuhxr,  and  the  Imbricated  or  ISpiral  jEstivaiicn. 
The  former  includes  all  those  varieties  in  which  the  component 
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( 


> 

y 


OO 


Fio.  440.  Diagram  to  Illustrate  valvato  activation. Fiit.  441.  Diagmm  to 

ilhmtrat4^  iii(iuplicati>  H^tiTatiun. Fitf.  442.  Dingmm  to  illiuitratc  redn- 

plicutv  eestivatlon. Fitf.  443.  Diagram  to  illustrate  coutorted  or  iMriiteil 

activation. 

parts  of  the  whorl  are  placed  in  a  circle,  and  in  nearly  the  same 
plane  ;  and  the  latter  those  where  they  are  placed  at  slightly 
diflerent  levels  in  a  more  or  less  spiral  manner,  and  overlap  each 
otlier. 

1.  Varieties  of  Circular  ^jstiration. — We  distinguish  three 
well-marked  varieties  of  this,  i.e.  the  valvate,  induplicat^,  and 
reduplicate.  The  valvate  (fig.  440),  may  be  seen  in  the  calyx  of 
the  Lime,  and  in  that  of  (htazi^ma  tdmifolia ;  in  this  variety  the 
parts  are  flat  or  nearly  so,  and  in  contact  by  their  margins 
throughout  their  whole  length  without  any  overlapping.  This 
variety  of  aestivation  may  be  generally  distinguished,  even  when 
the  flowers  are  expanded,  by  the  margins  of  its  component  parts 
being  slightly  thickened,  or  at  all  events  not  thinner  than  the 
rest  of  the  organ ;  whereas  in  all  varieties  of  imbricated  or  apiral 
wstivation,  the  overlapping  margixvB  «c^  \tt\sA)ii^  t\dx»v<QT.t  b*  Qu^X 
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lie  Veil  seen  in  tlie  sepals  of  the  (ieranium.  When  tliu  cnnipo- 
iient  jie]>al8,  or  petals,  insteail  of  being  flattened,  are  foUled 
iniranby  at  the  points  where  they  come  in  contact  {Jig.  441), 
tlie  mtivation  is  indujAicate,  as  in  the  petals  of  (hmzuma.  uhni- 
fUkf  and  in  the  calyx  of  some  sjiecies  of  CtematU.  When  the 
iuaigins  are  turned  outwards  under  tlie  same  circumstances  {Jitj. 
H2},  the  aestivation  is  rtdupVu:ati,  as  in  the  calyx  of  the  Holly- 
iiock  {AUhaa  nfMu),  and  some  other  Malvaceous  plants  ;  and  in 
the  corolla  of  the  Potato. 

When  the  parts  of  a  whorl  are  ]»laccd  at  the  same  height,  or 
apparently  so,  as  in  the  ordinary  forms  of  circular  testi  vation,  and 
one  margin  of  each  part  is  directed  obliquely  inwards,  and  is 
overlapped  by  the  part  adjacent  on  that  side,  while  the  other 
maigin  covers  the  corresponding  margin  of  the  adjoining  part  (.»n 
the  other  side,  so  that  the  whole  presents  a  more  or  less  twisted 
appearance  (Jig.  443),  the   estivation   is  conUtrttd  or  twuitrd. 
When  in  this  variety  of  aestivation  the  comiN)nent  organs  be- 
come united,  they  may  be  variously  jtluited  or  plicate^  as  in  the 
corolla  of  the  common  Bindweed  and  of  other  Convolvulacoie, 
in  which  case  the  {estivation  is  usually  termed  plicate  or  pbtitvd. 
Contorted  or  twisted  aestivation  may  be  considered  as  intenuedi- 
ate  between  the  Circular  and  Imbricated  forms.     It  occurs  very 
frequently  in  the  corolla,  but  is  very  rare  in  the  calyx.     Ex- 
amples may  be  seen  in  the  corolla  of  the  Hollyhock  and  other 
Malvaceous  plants  ;  in  that  of  the  common  Flax  {Linnm  unitti- 
/i«nmiim),  and  generally  in  the  order  Linaceie  ;  in  the  St.  John*s 
Wort  {Hypericum)  ;  in  the  Periwinkle  ( Vinca),  and  in  many  other 
plants  of  the  order  Apocynaceie,  to  which  this  plant  l>eloiig8. 

2.  Varieties  of  Iinbricnted  or  Spiral  ^"Estivation. — We  distin- 
guish five  varieties  of  this  kind  of  (estivation,  i.e. ,  the  iinhricate, 
contolvte  or  enveloping,  qubicunr.ialy  cocldear,  and  vexillanj.  The 
trae  imbricate  aastivation,  as  seen  for  instance  in  the  calyx  of 
Camellia  japonica  {Jig,  444),  is  formed  by  the  parts  being  placed 
at  dilterent  levels,  and  overlapping  each  other  more  or  less 
by  their  margins  like  the  tiles  on  a  house,  the  whole  form- 
ing a  spiral  arrangement ;  it  is  a  very  common  variety.  When 
the  parta,  instead  of  merely  overlapping,  completely  enve- 
lope each  other,  as  in  the  calyx  of  Majnolin  grandijlora,  and  in 
the  corolla  of  Camellia  japonica,  the  testivation  is  termed  conro- 
liUe  by  some  botanists  ;  but  this  term  is  now  more  frequently 
applied  to  the  contorted  variety  of  (estivation,  when  the  pai-ts 
overlap  to  a  considerable  degree,  as  in  the  Wallflower.  When 
the  parts  of  a  floral  whorl  are  five  in  number,  and  these  imbri- 
cated in  such  a  manner  that  there  are  two  parts  placed  on  the 
outside,  two  inside,  and  the  fifth  overlapping  one  of  the  internal 
by  one  maigin,  while  it  is  itself  overlap^Kid  on  its  other  margin 
by  one  of  the  external  parts,  the  (estivation  is  said  to  be  quin- 
CHncial  {fig,  445).  Familiar  examples  of  this  form  are  afforded 
by  the  ooralla  of  the  Rose,  and  the  caiyx  of  the  Bindiveed  (^Cul\)- 
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steyia  sepinm).  In  this  kind  of  SBstivation  the  spiral  arrange- 
nient  of  the  parts  is  well  seen,  and  is  indicated  in  the  diagram 
{fi(j.  445)  by  a  dotted  line.  The  spiral  cycle  thus  formed,  which 
is  the  normal  one  in  pent^imerous  or  quinary  flowers  (thoae  with 
the  parts  in  fives),  and  which  occurs  in  the  majority  of  Dico- 
tyledonous plants,  corresponds  to  tiie  f ,  pentcutichcnUf  or  Jite- 
rankeA  arrangement  of  leaves.  When  in  a  quincuncial  arrange- 
ment the  second  part  of  the  cycle  becomes  wholly  internal  in- 
stead of  being  external,  the  regularity  of  the  quincunx  is  inter- 
rupted, ani  a  variety  of  activation  occurs,  to  which  the  name 
cochlear  has  been  given  {fig.  446).  Familiar  examples  of  this 
are  afforded  by  the  Snapdragon  {Antirrhinnm  majwi),  and  other 
allied  plants.  Another  modification  of  imbricate  SBstivation 
occurs    in    the   corolla  of   the   Pea  and   other  allied  plants. 


Vn\.  444. 


Fic.  44o. 


Fir..  440. 


Fig.  447. 


Fi<f.  444.  Piafn-Bin  to  illustrate  imbricate  v^tiTation.    Tlie  flfirnreB  1,  S,  S.  4, 

.'»,  8how  tliat  the  sucoewive  part"  "iro  arranged  in  a  spiral  manner. Fiff. 

445.    Dinpmm   to  illustrate   qnincnncial  icstiTatlon.     1   ani  S  are  ex- 

t'^mnl,  4  and  5  internal,  and  3  in  partly  external  an(i  partly  internal. 

Fiff.  446.  Din<rram  to  illnstrato  eocliloar  a?!<tivatiun.  The  part  marked  i 
in  the  precMhiK  diagram  i»  here  wholly  intemnl  iniitoad  of  external  as  in 
the  qtiinruncial  arrangement.    The  dottel  line  marked  3,  indicate*  itii 

normal  pndltinn  in  the  true  qnincnncial  variety  of  aestivation. Fig.  447, 

Dia^rram  to  iihistrnte  vexillnr^-aeKtivntion.  1  and  2  form  the  alie  or  wings, 
3  and  5  the  carina  or  keel,  4  the  vcxillnm.   (See  PttpiHonaceowi  Cctrolbi.) 

where  the  superior  petal  4,  which  is  generally  the  largest,  and 
called  the  vextUnmy  is  folded  over  the  others  which  are  arranged 
face  to  face  (fig.  447).  This  kind  of  aestivation  is  commonly 
termed  vexillary. 

It  frequently  happens  that  the  calyx  and  corolla  exhibit 
different  kinds  of  sestivation.  Thus,  in  Chicmima  ulmifolia  the 
calyx  is  vafvate  ;  and  the  corolla  ifuinplicate.  In  Malvaoeous 
plants  the  calvx  is  valvate  or  some  form  of  circular  lestivation  ; 
and  the  corolla  ctmtortcd.  In  these  two  examples  the  different 
varieties  of  (estivation,  as  exhibited  by  the  two  floral  envelopes, 
may  be  considered  to  belong  to  the  same  class  of  SBstivation,  i.e. 
the  circular.  But  instances  also  frequently  occur  where  the  calyx 
and  corolla  present  different  modifications,  and  which  belong  to 
both  cla.Hses  ;  thus,  in  the  Com  Cockle  (Agrostemma  Qiihc^), 
the  species  of  St.  John's  Wort  (Hyperir^im),  the  Geranium,  and 
in  many  other  plants,  the  cal3rx  is  q^iiruyiinciai  or  imbricated  ;  and 
the  corolla  contoi-ted. 
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The  kinds  of  sestivation  above  deficribed  are  alwajrs  constant 

in  tbeasme  individual,  and  frequently  throiigliout  entire  genera, 

indefen  natural  orders  ;  hence  they  are  of  great  imitortanoe  in 

Syitematic  Botany.     For  a  similar  reason  they  are  also  of  much 

yitae  in  Structural  Botany,  by  the  assistance  they  commonly 

aftnd  in  enabling  us  to  ascertain  the  relative  succession  and 

foation  of  the  parts  of  the  flower  on  the  axis. 

The  term  mUhesis  is  sometimes  used  to  indicate  the  period  at 
vhich  the  flower-bud  opens. 

Besides  the  definite  and  constant  relations  which  the  parts 
of  the  floral  envelopes  have  to  each  other  in  the  flower-bud«  they 
aiio  have  a  definite  and  constant  relation  in  the  same   plant 
to  the  axis  upon  which  they  are  placed.     In  describing  these 
positions  we  use  the  terms  aHt^ritn'  or  inferutr,  tntpfrior  or  /h>/i- 
/*Tior,  and  lateral.    Thus,  we  call  that  organ  podeTutr  or  superior, 
which  is  turned  towards  the  axis  ;  and  that  next  the  bract  from 
the  axil  of  which  it  arises,  inferiftr  or  anterior.     When  there  are 
ftiur  organs  in  a  whorl,  one  will  be  nipf^n'orj  one  inferiin'f  and 
two  UUercU,  as  in  the  calyx  of  Cruciferob.s  plants  (jig.  24,  c).    If 
there  are  hye  we  have  two  arrangements.     Thus,  in  the  calyx 
of  the  order  Legumiwfsst,  two  sepals  are  guperior,  two  lat^fral, 
and  one  inferior  ;  while  in  the  corolla  one   {>etal   is  siijperior^ 
two    inferior y   and  two  lateral  {jujn.  447  and  472).     In  plants 
of  the  Rose  order  {Rosarest),  we  have  a  precisely  reverse  posi- 
tion exhibited  by  the  parts  of  the  two  floral  envelopes  ;  thus, 
here  we  have  two  sepals  inferutr,  two  lateral^  and  one  superior  ; 
while  in  the  corolla  there  are  two  petals  miperior,  tw(»  lateral, 
and  one  inferior  (Jig.  471). 

The  same  definite  relation  with  respect  to  the  axis  also  holds 
good  in  many  cases  in  the  staminal  and  carpellary  whorls,  by 
which  important  distinctive  characters  are  frequently  obtained, 
as  will  be  seen  afterwards  when  treating  of  Systematic  Botany. 

Section  3.     The  Floral  Exvelopks. 

1.    THE  CALYX. 

Wb  have  already  stated  that  the  calyx  is  the  outermost  en- 
velope of  the  flower,  and  that  it  is  composed  of  (me  or  more 
leafy  organs  called  sepals.  These  sepals  are  usually  green  like 
true  leaves,  by  which  character,  as  well  as  by  their  position  and 
more  delicate  texture,  they  may  in  most  cases  be  distinguished 
from  the  petals.  There  are  numerous  instances,  however,  es- 
pecially when  the  number  of  petals  is  much  increased,  in 
which  there  is  a  gradual  transition  from  the  sepals  to  the  petals, 
so  that  it  is  difficult  or  almost  impossible  to  say,  in  many  cases, 
where  the  oalyx  ends  and  the  corolla  begins.  The  Wliite  Water- 
lily  (Jig.  448),  affords  a  familiar  and  good  illustration  of  this. 
In  •ome  plants,  again,  the  green  colour  disappears,  and  the  calyx 
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becoin[<H  colnured  with  the  same  tints  aa  tha  corolla,  or  with  some 
other  bright  huei.  In  auch  cases  it  ia  aaid  to  be  petaloid,  and 
the  chief  diBtinctire  character  between  it  and  the  corolla  iithen 
afforded  by  its  position  on  the  outside  of  the  latter  oivmi.  1^ 
Fuchsia,  Indian  Cress,  Oolumbine,  Larkspur,  and  HunkshoOd, 
luaj  bo  mentioned  as  affording  familiar  exauiplea  of  a  petaloid 
calyx  among  Dicutjledonous  plants.  In  the  Uonoootyledonon* 
plants  generally ,  as  in  the  Lily,  Tris,  Tulip,  CrocuB,  and  Sqnill  (j^. 
27),  as  we  hare  mentioned  (page  17),  the  two  floral  enveiopea  ua 
usually  coloured,  although  rarely  green,  and  in  other  respeetl 
BO  cloBely  resemble  each  other,  that  wa  then  use  ths  collectiTe 
name  of  perianth  to  indicate  the  twii  whorls  taken  togethw. 
When  there  is  but  one  whorl  of  floral  envelopes,  as  in  the  Oooae- 
foot  (,Jig.  28),  it  is  customary  with  some  botanists  to  call  this  the 
calyx,  whether  it  ia  coloured  or  green  ;  it  is  so  t^mied  in  this 


Eio.  448. 


volume.  Other  botanists,  however,  under  such  circumstances, 
call  the  .whorl  that  is  present  a  perianth.  Those,  again,  who 
use  the  term  perianth  in  this  sense,  also  sometimea  apply  it, 
in  all  cases,  to  flowers  whether  of  Monocotyledons  or  Dicotyle- 
dons, when  the  true  floral  envelopes  are  all  coloured  as  in  tb« 
Lily,  or  all  green  as  in  the  Dock. 

In  their  structure,  venation,  and  characters  generally,  th« 
sepala  resemble  the  true  leaves,  and  are  covered  tike  theu  mth 
epidermis  ;  this  is  also  frequently  furnished  on  the  lower  or 
outer  surface  with  stumata,  and  also  oocasionally  with  hairs, 
glands,  or  other  appendages.  From  the  duration  of  the  sepaU 
being  usually  more  transitory  th&n  that  of  true  leaves,  the 
veins  which  form  their  skeleton  chiefly  consist  of  spiral  veasela, 
and  are  arrejiged  like  those  of  the  leaves  in  the  two  olaasea 
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"fpluid  reBpectivel^ — that  i»,  rcticulatud  in  Uic<>tj'k'il<i[ifl,  itiiil 
pinliel  in  MoDucotyledona. 

Ik  tepala  aUo  exhibit  various  character*  u  regards  their 
nrtliiw,  ntargiiu,  aipei,  Ac,  although  they  ar«  hj  tin  memu  •■> 
hUt  to  variAtioDs  in  these  particulan  an  the  bhuleii  of  tnie 
irnm.  The  terma  u*ed  in  defining  theie  varionii  modiScationa 
ire  if^lied  in  the  lame  sense  as  with  the  blades  of  leaves. 

Stpala  are  almost  withuiit  exception  destitute  of  a  stalk,  or, 

in  other  words,  they  are  sessile  ui>on  the  thalannis.     They  are 

(In generally  entire  at  their  margins,  altlicmgh  eicejitiuns  to  this 

litter  character  occMionally  occur :  thus,  in  thePtuvnyand  Uose 

Pio.  in. 


(jSffs.  449  ud  471,  ef),  the  aepals  we  incised  at  their  margins  ; 
in  niMij  ipedes  of  Dock  they  are  toothed  (Jitj.  4GU,  ci)  ;  in  Chn- 
mxtameiMm  plumo*um  each  sepal  is  divided  intti  live  deep  lubes 
or  pailitianB  ;  and  in  Pamfora  fo-tida  the  sepals  are  tirst  pin- 
iiatiaect«d,  and  then  each  segment  pinnatitid. 

In  their  direction,  the  sepals  are  either  errrt  or  turned  np- 
warda  ;  eonniesnt  or  turned  inwards  ;  dirrriiiit  or  jxitvlmu,  when 
they  spread  outwards ;  or  refltxtd,  when  their  uitreniitiea  are 
tnined  duimwarda. 
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Tlie  sepals  may  be  either  distinct  from  each  other,  as  in  the 
Poppy,  Buttercup,  Wallflower,  and  Strawberry  {fig,  461);  or 
more  or  less  united  into  one  body  {fi^n*  453-467),  as  in  the 
Pimpernel,  Campion,  and  Henbane.     In  the  former  caie,  ih0 
calyx  is  usually  termed  polynepcUmis  or  dialympcUcfu ;  in  the 
latter  it  is  commonly  called  mfmosepah^is.    But  this  latter  term 
is  incorrect,  as  it  indicates  literally  one  sepal ;  and  henoe  many 
botanists   use  instead  the  more  correct  term  of  gamosepalous 
calyx,  as  this  simply  implies  that  the  sepals  are  united.    The 
terms  polysepalous  and  monosepalous,  however,  from  being  in 
more  general  use,  will  be  ordinarily  employed  in  this  yolume. 

1.  Polysepalous  OR  DiALYSEPALOUS  Calyx. — A  polysepeloas 
calyx  may  consist  of  two  or*  more  parts,  the  number  bemg  in- 
dicated by  the  prefix  of  Greek  numerals ;  as  diaepoUaut  for  a 
calyx  composed  of  two  distinct  sepals,  trisepaloua  for  one  with 
three,  tetrasepcUoits  if  it  have  four,  pentasepaioiu  if  five,  hexa- 
sepaloiis  if  six,  heptcLsepaJmis  if  seven,  and  so  on. 

A  polysepalous  calyx  is  called  regular  if  it  consist  of  sepals  of 
equal  size  and  like  shape  or  form  arranged  in  a  symmetrical  man- 
ner, as  in  the  species  of  Manunculus  {fig.  427),  and  Strawberry 
{fi^.  461) ;  and  it  is  said  to  be  irregidar  when  these  conditions 
are  not  complied  with,  as  in  the  Monkshood  {fig,  462). 

Fio.  463.  Fio.  454.  Fio.  455. 
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Fi(/.  4M.  Partite  inferior  calyx  of  the  Pimpernel  (AnaffaUtt). Fig.  4M. 

Cleft  or  flMrared  caljxof  the  CJentaary  {t'tythreea). Fig.  455.  Dentate  or 

toothed  calyx  of  Campion  (i4fchnU). 

2.  Monosepalous  or  Gamosbpalous  Calyx. — ^When  the 
sepals  are  united  so  as  to  form  a  monosepalous  calyx,  various 
terms  are  used  to  indicate  the  different  degrees  of  union.  Thus, 
the  union  may  only  take  place  near  the  base,  as  in  the  Pimpernel 
{fi^.  453).  when  the  calyx  is  said  to  be  partite  ;  or  it  may  take 
place  to  about  the  middle,  as  in  the  Centaury  {fig,  464),  when  it 
is  deft  OT  fissured  ;  or  the  sepals  may  be  united  almost  to  the 
top,  as  in  the  Campion  {fitj,  455),  when  it  is  toothed  ;  or  if  the 
union  is  quite  complete,  it  is  entire.  The  number  of  partitions, 
fissiures,  or  teeth,  is  indicated  by  the  same  prefixes  as  those 
previously  referred  to  as  being  used  in  describing  analogous 
divisions  in  the  lamina  of  a  leaf ;  thus  a  monoaepaloos  oalyx 
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where  ike  diyisioiiB  are  five,  would  be  dencribod  ba  five-partite  or 
^tunjiie-parfife,  five-cUft  or  quinqtufidy  fice-twtthed  or  quinque- 
iiidiUy  aooording  to  the  depth  of  the  divisionB.  In  like  man- 
ner the  terms  tripartite^  trifid,  or  ti^ideniate^  would  indicate  that 
inch  i  calyx  was  three-partita,,  three-cleft,  or  thre^-ti)othed,  and  so 
on.  Hie  number  of  divisions  in  the  majority  of  cases  corresponds 
to  that  of  the  component  sepals  of  which  the  calyx  is  formed  ; 
ilthongh  exceptions  to  this  rule  Rometimes  occur,  as  for  instance 
m  those  cases  where  the  divisions  are  themselves  divided  intr> 
othen.  A  little  care  in  the  examination  will,  however,  gener- 
ally enable  the  observer  to  recognise  the  primary  from  the 
leeoodary  divisions.  \Vhen  a  monosepalous  calyx  is  entire,  the 
number  of  sepals  can  then  be  ascertained  by  the  venation,  as  the 
prindptl  veins  from  which  the  others  diverge  generally  corresi)ond 
to  the  midribs  of  the  component  sepals.  In  a  monosepalous  calyx 
in  which  the  union  exists  in  a  marked  degree,  tbe  part  where  the 
Beptls  are  united  is  called  the  tube,  the  free  porticm  the  limb,  and 
the  orifice  of  the  tube  the  thnxit  or  faux  {figs.  455-457). 


Fio.  45C. 


Fio.  4r»8. 


Fio.  457. 


Flf.  4M.    Urceolftto  crlyx  of  Hcn)mnf»  (ffyojtrvn- 

mut). Fii/.  4A7.    Bilabinte  calyx  of  the 

Deail-nHtle  {JLim'um). Fitj.  46H.  Vertical 

section  o'  t)ie  flower  of  tlie  Myrtle  {Myrttu 
communli).  eal.  Tube  of  the  calyx  adherent 
to  the  oyary,  o.    i.  Stamens. 


If  the  union  between  the  sepals  is  unequal^  or  the  parts  are 
of  different  sizes,  or  of  irregular  figures  or  forms,  the  calyx  is  said 
to  be  irregydar  {fig,  457) ;  if,  on  the  contrary,  tlie  parts  are  alike 
in  figure  and  form^  of  the  same  size,  and  united  so  as  to  form  a 
symmetrical  body,  it  is  regular  {fi^.  456).  Some  varieties  of  the 
irregular  and  also  of  the  regular  calyx  have  received  special 
names.  Thus  in  the  Dead-nettle  {fig.  457),  the  irregular  calyx 
is  said  tol>e  labiate,  bilabiate,  or  lipped,  because  the  five  sepals  of 
which  it  is  composed  are  united  in  such  a  manner  as  to  form  two 
lipe.     Of  the  regular  forma  of  the  monosepalous  calyx  &  nwrnb^t 
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are  distinguished  under  the  names  of  tubular,  bell-.^haped  or  aitn- 
panulate,  urceolate  {Jig,  466),  coiiical,  globose,  &c.  The  apphcA- 
tioii  of  these  terms  will  be  shown  when  speaking  of  the  corollA, 
in  which  similar  forms  occur,  and  in  which  they  are  usually  mope 
evident. 

Tlie  tube  of  a  monosepalous  calyx,  or  of  that  of  a  perianth  (the 
parts  of  which,  like  the  sepals,  are  frequently  united  to  a  varying 
extent),  sometimes  adheres  more  or  less  to  the  ovary,  as  io 
the  Iris,  Gooseberry,  Currant,  Myrtle  {fig.  468,  cat),  in  all  the 
plants  of  the  order  Compositor,  and  in  those  allied  to  it  {figt, 
469-461),  and  in  numerous  other  plants.  When  this  takes  place, 
the  calyx  is  said  to  be  adherewt,  or,  because  it  appears  to  ariae 
from  the  summit  of  the  ovary,  it  is  termed  superior  ;  the  ovaiy 
in  such  a  case  is  then  described  as  inferior.  When  the  calyx  ii 
free,  or  quite  distinct  from  the  walls  of  the  ovary,  as  in  the 
Pimpernel  {fi^.  463),  Wallflower,  Poppy,  and  Buttercup,  it  is 
said  to  be  free,  iu)n-adhereiU,  or  inferior  ;  and  the  ovary  ia  then 

termed  superior. 
Fig.  459.       Fi«i.  460.     Fig.  461.  When  the  calyx  or  perianth 

is  thus  adherent  to  the  ovaiy. 
its  limb  presents  varioun  mo- 
ditications  :  thus  in  the  Iris, 
Crocus,  and  Orchids,  it  is  peio' 
loid ;  in  the  Quince,  foUaof-mu 
{Jig.  468) ;  in  the  Bunjflower 
{Jig.  461),  and  Chamomile,  it 
is  meir^anoiis ;  ih  the  Madder 
{Jig.  469),  it  exists  only  in  the 
form  of  a  circular  rim  ;  while 
in  the  Ox-eye,  it  is  altogether 
absent  {Jig.  460).  In  the  two 
latter  cases  the  calyx  is  com- 
monly described  as  o^woJefe.  In 

/•■v.  45».  Calyx  of  the  M.d.Icr.  (fl.6.'.,).  «,1.    ""^7  P^*"*"  "1  ***M^*'  S?™" 

hercut  to  the  ovary,  witii  its  liuibnjduwd  posita^  and  the  aUiecl  oraers 
to  a  more  riiu. — Fig.  46U.  One  oi  tiie  DipsacacefloandValerianaceAi, 

tubular  floret*  of  tl»e  (»x-eye  (rA/7>*i?i/A«'-  Ai^jTi'^u  .^f  ♦!,«.  .»«1»w  ; -.1- 

mum).   The  c^ilyx  is  cmipletely  uiiiu-d  to  '^"^  ">'^*^  ^\  ^®  Calyx  IS  only 

the  ovftry  mmI  pre«'nts  no  ap; >eiiranee  of  developed    in    the   form  of    a 

a  limb. FUj.  4«1.  One  of  the  flon-ts  of  c\ro\a  or  tnft  of  hniitlAtt    h^irti 

the  Sunflower  a/elianthus).    The  limb  of  ^^^^Cie  or  tUU  OI  DHSU^,  nUTS, 

the  odhercnt  calyx  is  membranoos.  Or  feathery  processes,  to  Whlch 

the  name  of  pappus  is  given, 
and  the  calyx  under  such  circumstances  is  said  to  be  pappose. 
The  pappus  is  further  described  as  feathery  or  plumose,  and 
simple,  or  pilose  ;  thus  it  is  feathery,  as  in  the  Valerian  {Jia.  462), 
when  each  of  its  divisions  is  covered  on  the  sides  by  little  hair- 
like projections  arranged  like  the  barbs  of  a  feather  ;  and  jniose, 
when  the  divisions  nave  no  marked  projections  from  their 
sides,  as  in  the  Dandelion  and  Scabious  {Jig.  463).  The  pappus 
is  also  described  as  xssilt  when  it  ariaea  immediately  from  the 


(uhe  uf  the  adherent  calyx,  ami  tluis  ap|jaroiitly  (nnu  tlie  tnji 
■■t  ibe  orwy,  or  fruit,  at  in  thu  Valeriun  {Ji-j.  4i¥2)  ;  and  ntalked 


ardifitaU,  if  it 
iinuedtbnrDtbe 
I  mrj,  or  fruit,  un 
:«  >  it>lk,  M  in  the 
^1  DiDddion  uid 
'*  SahioMO!g.463). 
J  ArrsKDAOBH 
V  Df  m  Calyx. — 
jl  Tb«  caljz,  whe- 
■  tlcmoiiosepKloua 
W      or  [loljiepaluiia,  ia 

'  frtber  itwiluitiea 
bendM  ttioae  al- 
ready allnded  to, 
whid)  ariae  from 
the  ezpanaion  of 
one  or  more  of  its 
■epala  into  appen- 
mge»  ef  diilerent 

kiodib  Thna  in  th«  Honkahood  {fit/.  462),  the  suiieric 
undoDged  npwarda  into  a  anrt  of  hood  or  helinet-ahaped  process, 
in  whub  oaM  it  ia  said  to  be  hinxUd,  hxlmel-ahniitil,  or  ^altatt. 
In  the  Wallflower  (^19.  24,  e),  and  other  plants  of  tha  Criidferw, 
tba  two  lateral  seinds  are  expanded  on  one  side  at  the  luue  into 
little  aacs,  when  they  are  termed  <phb<yii»  ur  aiuvtU.  If  the  calyx 
haa  one  or  more  tiibnlar  pniiongationB  dciwnwards  it  is  !<aid  ti> 
\>e  eaicarai-e  or  ipumd.  Only  one  spur  luay  be  ]>resei]t,  lU  in 
the  Indian  Creaa  {Jig.  404,  c),  where  the  spur  is  fnnued  by  three 
aepala  ;  or  in  tha  Larkapur,  where  it  is  formed  by  one  ;  or  each 
Fia.  464.  Fki.  4Cn. 


cf  the  aeMtla  n 

inatead  of  being  iraa  troiD  the  pedicel,  a 

ia  united  to  it. 

On  tike  mtitoAe  of  tbc  e*lyx  of  some  flowen,  as  in  tbow  oi 


many  plants  i>f  the  JIallitw  (_rtj.  4G5),  Piiik  (,riy.  ili'J,  b).mi 
Bose  urders  (/c).  451),  there  is  placed  a  whorl  of  leal-like  OTgiui 
which  is  cuiiaidereil  by  some  butatiiitts  as  an  outer  cklyx,  boJ  to 
wliich  the  iiauie  of  tpUaly-c  or  adi/culua  liaa  been  sccoidii^ 
given;  but  this  outer  whorl  in  evidently  of  the  •tame  natore  u 
the  intmhicre  already  noticed  (see  pi^ge  1S7),  and  hai  been  w 
described  by  as. 

DvBATiON  OP  THB  Calvx. — The  duration  of  the  calyi  nriei 
in  different  Bowers.  Tims  it  is  atdiuMua  or  fugaciov*,  whtji  it 
falls  off  as  the  flower  expands,  aa  in  the  Poppy  (^.  4f^).  In 
the  EselischtiUzia  the  calyi,  which  is  caducous,  separates  from  tht 
hulluw  thalamus  to  wliich  it  is  articulated,  in  the  form  of  \ 
funnel,  or  the  extinguisher  of  a  candle.  A  somewhat  umilu 
separation  of  tlie  cajyx  occurs  in  the  Eucatypttu,  except  thit 
hare  the  part  which  in  left  behind  after  the  separatioQ  of  the 
npper  portion,  evidently  belongs  to  the  calyx,  instead  of  (o  the 


Flo.  US. 


thalamus  us  in  the  former  instance.  Such  a  calyx  is  said  to  be 
calyptrate  or  optrculaie.  When  the  calyx  falls  off  about  the 
same  time  aa  the  corolla,  as  in  tbe  Crowfoot  or  Buttaronp,  it  id 
then  called  dfctdvmu.  In  other  cases  the  calyx  remains  after 
the  flowering  is  over,  as  in  the  Henbane  {fig.  456),  and  Mallow ; 
wliun  it  is  described  as  ptttident.  When  tho  calyx  la  adherent 
or  superior  it  is  necessarily  ptrtisUni,  and  forms  a  part  uf  the 
fruit,  as  in  the  Quince  {fig.  4(>8),  Apple,  Pear,  GooAoben;, 
Melon,  and  Cncumber,  When  it  is  pursistent  and  assumea  a 
shrivelled  or  withered  appearance,  aa  in  the  species  of  Cam- 
paHvia,  it  is  mareeaixiii  ;  or,  if  it  is  persistent,  and  contiuiisa  tu 
grow  after  the  flowering,  soaato  form  a  bladdery  expansion  round 
the  fruit,  as  in  the  Winter  Cherry ,  s.nl  oUkM  «^«Aua  gf  /'Ayaulu 
(Jiff.  467),  it  ia  termed  uc'stucent. 


THK    (()U(»LI.«.  iJ.i 


2.    THE   COROLLA. 


The  ooroUii  is  the  inner  envelope  of  the  flower.  It  consists 
ofone<Nr  more  whorbi  of  leafy  organs,  called  petaU.  In  a  com- 
plete flower  {Jig.  24,  p),  it  is  situated  hetween  the  calyx  and 
udroedum,  and  is  generally  to  l>e  diHtinuruished  fn>ui  the  former, 
tt  we  have  air^uly  seen,  by  its  ccjloured  nature  and  more  deli- 
ate  structure.  When  there  is  but  one  whorl  of  floral  en  velojies, 
tt  we  have  also  before  noticed,  this  iH  to  be  considered  as  the  calyx , 
ADd  the  flower  is  then  termed  apetahvi  or  momtchh  m  ytie.oun.  The 
eoroUa  is  usually  the  most  showy  and  coiiHpicuous  part  of  the 
flower,  and  what  in  common  language  is  termed  tfw  Jbmrr.  In 
lome  rare  cases,  however,  it  is  green  like  the  calyx,  as  in  ct;rtain 
Coheas  and  some  Asclepiadaceous  plants.  Tlie  corolla  in  also,  in 
the  majority  of  flowers  which  possess  odorifi-rous  pro)H;rtieM,  the 
lest  of  those  odours.  Sometimes,  as  we  have  seeD ,  there  is  a 
xndual  transition  from  the  serials  to  the  petals,  as  in  the  White 
Water-lily  (Jig,  448) ;  and  in  the  same  plant  there  i.s  also  a 
liiuihur  transition  from  the  petals  to  the  stamens. 

In  structure  the   petals  resemble  seimln  and   leaves,  Wing 
composed  of  parenchyma,  supported  by  veins  wliich  aru  chiefly 
formed  of  spiral  vessels.     These  veinn  are  usually  reticulated. 
The  whole   petal  is   invested    by   epidermis,    which   is    com- 
monly destitute  of  stomata,  biit   theHO  organs  may  be  some- 
times found  on  the  lower  surface.     The   corolla   is  gcnendly 
smooth,  although  hairs  occasionally  occur,  as  in  the  Jit/rnhajc  ; 
when  they  exist  they  are  usually  coloured,  as  in  the  Buck  bean, 
and  on  the  inner  whorl  of  the  i>erianth  of  the  Ii-is,  which  corre- 
sponds in  position  to  the  corolla.     Petals  are  friMjuently  njir- 
rowed  below  into  a  stalk-like  fH>rtion,  which  in  anahtgousto  the 
petiole  of  a  leaf,  as  in  the  Wallflower  and  Pink  (rig.  470)  ;  the 
narrow  portion  is  then  tenned  the  uiufu'nt  or  (7/i(/',  o,  and  the 
expanded  portion  tlie  limh,  I,  and  the  iK^tal  is  said  to  1)e  un- 
guictUait  or  clawed.    In  this  particular  petals  must  be  ccmsidered 
to  reaemble  leaves  more  than  the  sepals  do,  as  the  latter  organs 
are  almost  without  exception  sessile,  or  destitute  of  claws. 

The  outline  of  petals,  like  those  of  sepals  and  leaves,  is  subject 
to  great  variation.  Thus,  they  may  be  llmar^  ohionj,  lam-eolatr, 
eUiptie^  ovate,  cordate.,  &c.  The  application  of  these  teniis  having 
been  already  fully  explained  when  speaking  of  leaves,  neeil  not 
be  further  alluded  to.  The  condition  of  their  margins  also,  the 
mode  in  which  they  are  divided,  and  their  terminations,  are 
alao  indicated  by  the  same  terms  as  those  previouHly  described 
under  similar  heads  in  our  chapter  on  Leaves.  Thus  the  petals 
may  be  dentate,  serrate  ;  cleft,  partite,  sected  ;  anife,  enutryi-tuite, 
Ac,  The  petals  are  not  however  liable  to  any  further  division 
than  that  of  the  original  one  ;  thus,  although  sometimes  pin- 
natifid,  or  pmmUMMrtUe,  &c.,  they  are  never  6(pimiatijid,  ot 
d^pinnai^faHiie.     One  term  la  occaaiouallj  used  in  de4cn\)U\f^ 
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the  coiuUtion  of  the  margins  which  has  not  been  alluded  to 
when  speaking  of  leaves  ;  thus  the  petals  are  said  to  hefimbnaied 
or  fringeiif  as  in  some  species  of  DiaiUhiu  (Jigs,  469  and  470,  Q, 
when  they  present  long  thread-like  processes  at  their  margins. 
Again,  the  petals  may  be  either  flat,  as  is  usually  the  ciae, 
or  coiicav€y  tubul<irj  boat-shaped^  &q.  These  terms  sufficientljex- 
plain  their  meaning  ;  but  a  few  anomalous  forms  of  petals  will  be 
described  hereafter  (page  230).  In  texture  the*petals  are  com- 
monly soft  and  delicate,  but  they  sometimes  differ  widely  from 
this,  and  become  thick  and  fleshy,  as  in  the  Stapelia  ;  or  dry  md 
membrauuus,  as  in  Heaths  ;  or  stiff  and  hard,  as  in  Xylopia. 


Fio.  460. 


Fig.  470. 


^^^^^t 


FUj.  460.  The  flower  of  a  specie*)  of  Pink  (DianthuM).    h.  Bracte,  forming  m 

epicjvlyx  or  involucre,    e.  Calvx.    p^p.  Petels.    f.  Stamens. Fiff.  470. 

(Hie  of  the  oetftln  of  the  mme  flower,    o.  Claw  or  onguis.    /.  Limb«  which 
is  fringeil  at  tlie  margins. 

In  describing  their  direction,  we  use  the  terms  erect,  connitent, 
divergent^  paUiloi(^^  or  reflexed^  in  the  same  sense  as  already  de- 
scribed when  speaking  of  similar  conditions  of  the  sepals  (page 

217). 

The  petals  like  the  sepals  may  be  either  distinct,  or  more  or 
less  united  into  une  body.  In  the  former  case,  the  corolla  is 
said  to  be  polypetalous  or  dialypeialoiis  (figs,  469-472);  in  the 
latter  motwpetalous  or  gamopetcUous  {fi>gs.  473-490).  The  same 
objection  applies  to  the  use  of  the  term  monopetalous  as  to 
that  of  monosepalous  already  mentioned  (page  217),  but  we  shall 
continue  to  employ  it  from  its  being  the  one  more  commonly 
in  use.  We  shall  describe  the  different  kinds  of  corolla  under 
these  two  heads. 

1.  Polypetalous  or  Dl/llypetalous  Cobolla. — The  number 
of  petals  which  enter  into  the  composition  of  the  corolla  is  indi- 
cated^ as  in  the  case  of  the  polyBepalovia  cai^x^  by  tbe  ptefiz  of 


heplapeMiHi 
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the  Greek  numerals.     Thiin  a  corolla  of  two  jietnis  in 
liifib^u  ;   of  three,  tripttnUntu  ;  of  four,  Mr^uda 
fMlofxlaJuiu ;  of  aix,  kanaptlalon*  ;  of  tev'en,  htpl 
<j^,  tiehpeialoja ;  uid  to  on. 

Vkm  tha  petals  are  all  of  the  same  blzs,  figure,  and  form, 
udmnndin  BijTDmetricalmanner,  theoorolkis  termed  tv.Tu- 
ltf,uiii  RoBaceooB  flowers  {Jiyii.  4ol  and  471) ;  but  when  the 
F«Ula  nrj  in  these  particulars,  ua  in  the  Fua  aiiil  alliud  plaiils 
ify^  HT  s&d  472),  it  is  said  to  be  irrfgidar.  Stnuo  varietien  of 
polfptttlou*  corollaa  hare  received  si>ecial  names  which  we  will 
nn  pnoeed  tu  deacribe  under  the  two  divisions  of  reyntar  and 

Fio.  471.  Fio.  J7i. 


■  'if-  nil 


A.  Segnlar  PolypdaUnu  CoroUa*. — Of  these  we  may  n 
three  forma,  viz.  thecraci/bmi  or  cntciittt ;  the  curyojiAy/ioccuiw ; 
snd  the  rotaeemit. 

1.  Onieiform  or  Grua'atf. — This  corolla  gives  the  name  to  the 
natural  order  CmeifiTte  or  GiO^xme  Order.  It  consists  of  four 
petals,  usually  with  claws,  as  in  the  Wallflower  ( fi-j.  24,  p),  and 
StockibutsometimeB  without  claws,  as  in  tlie  Celandine,  and  the 
wholfl  arranged  in  the  form  of  a  cross. 

S.  CaryatAyU(Ucoiu.^This  consists  of  five  petals,  with  long 
claws  anoLnsad  in  the  tube  of  the  calyx,  and  with  their  limbs 
commonly  plaoed  at  right  angles  to  the  claws,  as  in  the  Campion, 
Single  Pink  (J^a.  469  and  470),  Carnation,  and  Catchfly. 

3.  Roaactout. — This  iscomposedof  five  petals,  without,  or  with 
very  short  claws,  and  spreading  in  a  regular  nianner,  as  in  thp 
Stmwberry  (Jig.  451),  and  Single  Koee  {fig.  471). 

fi-  Irngular  Potypttatotis  GoniUiu.—  There  are  many  anoma- 
loiia  fonns  td  iriegulat  polypetaliius  corollas  to  which  no  particu- 
lar namea  are  applied.  There  is  one  form,  however,  which  is  of 
muffh  imptTtaiHy,  BMWcty. 
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Th^  rapilionaceous. — This  derives  its  name  from  the  fancied 
resemblance  which  it  bears  to  a  butterfly.  It  iB  competed  d 
five  petals  (Jig.  447),  one  of  which  is  superior  or  posterior,  and 
commonly  larger  than  the  others,  and  termed  the  veaaO/umct 
gtandard  (Jig.  472,  r) ;  two  inferior  or  anterior,  which  are  bsuIIj 
more  or  less  united  and  form  a  somewhat  boat-shaped  oavi^, 
car,  called  the  Icetl  or  caritui ;  and  two  latend,  a,  called  ue 
wiiufs  or  al/e. 

2.  MoxoPETALOUs  OR  Gamopetalous  Cobolla. — ^When  tiks 
petals  unite  so  as  to  form  a  monopetalous  corolla,  various  tenu 
are  used  as  in  the  case  of  the  monosepalous  calyx  to  indicate  thd 
degrees  of  adhesion ;  thus  the  corolla  may  be  partiUf  cUft^  inoiOyidy 
or  entire,  the  terms  being  employed  in  the  same  sense  as  with 
the  calyx  (see  page  218).     The  part  also  where  union  has  taken 
place  is  in  like  manner  called  the  Utbe,  t,  the  free  portion,  tibs 
limb,  I,  and  the  orifice  of  the  tube,  the  throat  or  faux  (Jig,  47S). 


Fio.  474. 


Fio.  475. 


Fi(J.  473.  Flower  of  Spigelia  matyJandkn. 
e.  Calyx.  /.  Tubular  corolla.  /.  Limb  of 
the  corolla.  $.  Summit  of  the  style  and 
stigmas. Fig.  474.  Flower  of  the  Hare- 
bell {CampiinHUi  rotundi/oiia)^  showing  a 

carapaniilate  corolla. FUf.  475.  Flower 

of  the  Tobacco  Plant  {.NiccHana  Taba£um)t 
with  infundiboliform  corolla. 


The  monopetalous  corolla,  like  the  monosepalous  calyx,  is 
reguUir  when  its  parts  are  of  the  same  size,  figure,  and  form,  and 
united  so  as  to  form  a  symmetrical  body  (fig*,  473-478)  ;  or  if 
these  conditions  are  not  complied  with  it  is  irrtg%dar  (Ji/gt. 
479  -490).  Some  varieties  of  both  regular  and  irregular  mono* 
petalous  corollas  have  received  special  names,  as  follows  : — 

A.  Regular  Monopetalous  Corollas, — Of  these  we  may  describe 
the  following : — 

1.  Tubular  (Jig.  473),  where  the  form  is  nearly  cylindrical 
throughout,  as  in  the  central  florets  of  many  Oompoaitas,  as 
Ragwort  (  Senecio),  Sunflower  (HeliatUhus)  (fig,  461),  and  Mil- 
foil (AchUlasa). 

2.  Campanulate  or  beU-skaped^  wken  the  corolla  is  rounded  at 
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the  base,  and  gradually  enlarged  upwards  to  the  summit,  8<»  as 
to  resemble  a  bell  in  form,  as  in  the  Harebell  (^7.  474). 

3.  Inftifidibulifarm  or  funriel^shaped^  where  the  form  of  the 
oonila  is  that  of  an  inverted  cone,  like  a  funnel,  as  in  the 
Tobiooo  {Jig.  475). 

4.  Hfpoerateriform  or  salver-shaped  (fi/j.  47C),  when  the  tube 
iilong  and  narrow,  and  the  limb  placed  at  right  angles  to  it,  as 
in  the  Primrose. 

6.  Roiate  or  xcheel- shaped ^  when  the  tube  is  short,  and  the 
hmh  at  right  angles  to  it,  as  in  Forget-me-not  {fig.  474)  and 
fiittenweet  {Solanum  Dulcamara), 

a  Ureeoiate  or  urn-shaped,  when  the  corolla  is  swollen  in 
the  middle,  and  contracted  at  both  the  base  and  apex,  as  in  the 
Purple  Heath  {fig.  478),  and  Bilberry  (  Vaccinium  MyrtUluljr  a 

Fig.  476 


Fio.  477. 


Piff.  476.  Tkywer  of  a  species  of  Primula,    c.  Calyx,  within  which  i»  sren  a 

hypocs^erifonn  corolla,/),    t.  Tnbe  of  the  corolla.     /.  Limb. J-'ut.  477. 

Plower  of  the  Porget-me-not  (Mposotis  p»lu»trit).     p.   Rotate  corolla. 
r.  Scales  projecting  from  its  limb. 

B.  Irrmlar  MonopetdUnts  C&rollas. — Of  these  we  shall  de-' 
icribe  the  K>llowing  : — 

1.  LMaUf  hUabiatey  or  lipped. — When  the  parts  of  a  corolla 
are  so  united  that  the  limb  is  divided  into  two  portions  which  are 
placed  superiorly  and  inferiorly,  the  upper  portion  overhang-* 
m|p  the  lower,  and  each  portion  00  arranged  as  not  to  close  the 
orifice  of  the  tube,  so  that  the  whole  resembles  in  some  degree 
the  lips  and  open  mouth  of  an  animal  {figs.  479-482),  the  cor(»lla 
ifl  termed  labiaUy  bilabiatey  or  lipped.  The  upper  lip  is  composed 
of  two  petals,  which  are  either  completely  united,  as  in  the 
White  Dead-nettle  {fig.  479),  or  more  or  less  divided,  as  in  the 
Boeemary  {fig.  481)  and  Germander  {fig.  480) ;  and  the  lower 
lip  of  three  petals,  which  are  also,  either  entire  as  in  the  Rose- 
mary {fig.  481),  or  bifid,  as  in  some  species  of  Lamium,  or  trifid, 
as  in  ChleobdoUm  {fig.  482).  When  a  labiate  corolla  has  its 
upper  lip  mndi  arch^,  as  in  the  White  Dead-nettle  {fig.  479), 
it  IS  frequentijr  tanned  rin^ent  or  gaping.     The  labiate  coio\\& 
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gives  the  nauie  to  the  natural  order  Labiatfo,  in  the  plant  a 
i)elonging  to  wiiich  it  is  of  almost  universal  occurrence.  It  is 
found  also  in  certain  plants  belonging  to  some  other  orders. 

2.  FermwiU  lyr  madced. — This  form  of  corolla  resembles  tbo 
labiate  in  being  divided  into  two  lips,  but  it  is  distiDguished  b^ 


Fi<;.  478. 


Fio.  479. 


Fio.  480. 


Fio.  478.  Flower  of  a  ipecios  of  ircath  {Rnm).    r.  Calyx,  within  wliich  b 

un  urceolatc  corolla,  t.  I. Fhi.  471K  Kbitrcnt  or  gapiiig  corolla  of  DmH' 

nettle  {Lamium<ilbMin),ri]iO'winu  tlio  entire  npper  Up. Fiy.  4i¥l>.  Back 

Tiow  of  tlie  flower  of  u  spocics  of  Teucnum^  showiiig  the  bifid  upper  lip  of  tho 
corolla. 

the  lower  lip  being  approximated  to  the  upper,  so  as  to  close 
the  orifice  of  the  tube  or  throat.  This  closing  of  the  throat  is 
caused  by  a  projection  of  the  lower  lip  called  the  paloite  {fifj. 
483, 1).  Examples  occur  in  the  Snapdragon  {fig.  483),  and  Tend- 
tlax  {fi^.  484).  In  the  species  of  Cal^olaria  the  two  lips  become 
hollowed  out  in  the  form  of  a  slipper,  hence  such  a  corolla,  which 


Fig.  481. 


Fig.  481 


Fin.  481.  Flower  of  Rosiemary  (Rosmnrirnvs)  with  npper  lip  divlileil. fHfr. 

482.  Front  view  of  the  labiate  corolla  of  O'aleobJoiom,  with  trifld  k>w«r  lip. 

is  but  a  slight  modification  of  the  personate,  is  sometimes  termed 
Calceolate. 

3.  Ligidate  or  strap-shaped. — If  what  would  otherwise  be  a 
tubular  corolla  is  partly  split  open  on  one  side,  so  as  to  be^me 
flattened  like  a  strap  above  (  figs.  485  and  486),  it  ia  called  ligttlate 
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Thii  kind  of  corolU  frequently  occurs  in  tlie 
InA  of  Ae  Conipontte,  either  in  the  whole  of  those  congtitu- 
tizigtluapitulutD,  aa  in  the  Dtaideliva  {Lroittoflutt)  ;  or  only  ii 


if  Siup4lnurf>n  (AnUriMnum).    I. 

m  bue. Fig.  484.    PiTBiIuM  01 

.. ... ...     ^^   Uflnlnw  raroUn 

-fy.  tM.  Llguliit 


■oma  of  tlwm,  u  is  the  outer  floreta  of  the  Ox-eye  ( fig.  486). 
Tb«  apex  trf  a  Ugulate  corolla  has  frequently  five  teetii  indica- 
tiiv  itf  eiaapoaeat  petaia  (^g.  486). 


■J  30 


ArrKNi)AG?:s  of  thp:  corolla. 


Besides  the  above  described  forms  of  regular  and  irreguLur* 
monopetalouB  corollas,  others  also  occur,  some  of  which  are  bu  ft 
slight  modifications  of  these,  and  arise  from  irregularities  that  ap^ 
produced  in  certain  parts  in  the  progress  of  their  developmoit. 
Thus  in  the  Foxglove  {fi^.  487)',  the  general  appearance  of  tho 
corolla  is  somewhat  bell-shaped,  but  it  is  longer  than  this  form* 
and  slightly  irregular,  and  as  it  has  been  supposed  to  resemblo 
the  finger  of  a  glove,  it  has  received  the  name  of  digiUdifom^ 
or  glove-sfiaped.     In  the  Speedwell  (/^.  488),  the  corolla  ia  nearly' 
rotate,  but  the  divisions  are  of  unequal  size,  hence  it  may  bo 
described  as  irregularly  rotate  ;  and  in  the  Red  Valerian  tho 
corolla  is  irregularly  salver-shaped  {Jig.  490). 

Apfendaoeh  of  the  Corolla. — The  corolla,  like  the  calyx, 
whether  polypetalouB  or  uionopetalous,  is  subject  to  various  im- 


FiG.  489. 


Fig.  490. 


O^ 


Ftff.  489.  Flower  of  a  ipedes 
of  Valerian  (  VaUHama).  c 
Galjx,  adlierent  to  the 
ovaiy.  f.  Limb  of  theoalrz 
rolled  in  wards.  TheconMla 
has  a  projection  towaida  its 
base,  and  is  hence  aald  to 

be     gibbons. JTfg.    490. 

Flower  of  Red  Yakriaa 
(Cenfrnnthus).  Tlie  ooralla 
is  irregxOarly  salTcr-ahiqnd 
aud  sparred  at  its  baae. 


gularities,  arising  from  the  expansion  or  growing  outwards  of 
one  or  more  of  the  petals,  or  of  parts  of  the  corolla,  into  processes 
of  different  kinds.  Thus  in  the  Snapdragon  (fig.  483,  6)  and 
Valerian  (fi^.  489),  the  lower  part  of  the  tube  of  the  corolla 
becomes  dilated  on  one  side,  so  as  to  form  a  little  bag  or  sac ;  it  is 
then  termed  saccate  or  gihbmts,  this  term  being  used  in  the  same 
sense  as  previously  descri1>ed  (see  page  221),  when  speiJdng  of 
the  calyx.  At  other  times,  one  or  more  of  the  petius,  or  the 
tube  of  a  monopetalous  corolla,  becomes  prolonged  downwards 
and  fonns  a  spur,  in  which  case  the  petal  or  corolla  ia  described 
as  sp^nted  or  cdlcarate.  Examples  of  spurred  petals  or  oorollas 
may  be  seen  in  the  Heartsease.  Columbine  {fi^,  492),  Toadflax 
{fig.  484),  and  Red  Valerian  {fig.  490).  Only  one  spur  may  be 
present,  as  in  the  Heartsease,  or  each  of  the  petals  may  be 
spurred,  as  in  the  Columbine  {fig.  492).  The  Yellow  Toatmax, 
which  usually  only  produces  one  spur,  in  rare  instances  ia  found 
with  Ave.     Such  a  variety  waa  letm^  'Vi*'^  \axm»^  Ptloria^  a 
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MMrtJdi  IB  now  Applied  bj  butanUta  to  oil  fluwen  which 
nUfail  thia  depBrture  from  their  ordinary  growth.  In  the 
IfcakihiMd  {fig.  401),  the  two  pet«l«  which  are  lituated  uuder 
the  heliiMt-ahftped  HpaU  alrcodj  noticed  (fig.  452),  are  each 


A  portion  ol  tijf  flovgr  of  tha  Mank^ 
4M.  TlawB  at  ColDin'liliu'  lAiuUi^  nli/aiii] 


aomewhat  like  a  curved  horn  placed  on  a  lung  channelled 

The  curolla  ia  uaually 
and  it  ia  then  termed  nmptt 
Fi6. 401.  Fi 


pptiiL  oT  tfie 


or  more  whorla,  aa  in  the  White  Water-lily  (fig.  448),  in  which 
caM  it  ia  called  muUiple,  When  the  curolla  is  coinjxised  nf  but 
one  wboil,  ita  parts  in  a  regular  arrangement  alternate  with  the 
aepals,  altbongh  caaea  aometiniea  occur  in  which  they  are  oppnaite 
to  Uaem.    The  mum  ot  these  different  urangementa  will  bo 


explained  hercafUr,  tinder  the  head  of  the  General  Morpholt^^ 
and  Symmetry  of  the  Flower. 

On  the  inner  surface  of  the  petala  of  many  flowna  we  vacf 
frequently  observe  appendageB  of  different  kinda  in  the  fann  dt 
Bcales  or  Imiivlike  procesaeB  of  various  natures.  These  are  com- 
monly aituatedat  the  junction  of  the  claw  and  limb  (^9. 496,  o); 
or  at  the  base  of  t)ie  petals  (^((s.  493  and  496).  Suchappendagci 
may  bii  seen  in  tlie  Mignonette  {fig.  494),  Crowfoot  \fig.  493), 
Lychnis  {fig.  496,  a),  and  Grass  of  Parnassus  {fig.  495).  Similir 
scales  may  be  also  frequently  noticed  in  monopetalons  corullas 

Fig.  49?. 


near  the  throat,  as  in  many  fioTaginaceouB  planta,  for  inatance, 
the  Comfrey,  Borage,  Forget-me-not  (_fi(f.  477,  r);  and  also  in  the 
Dodder,  and  many  other  plants.  Sometimes  these  scales  become 
more  or  less  coherent  and  form  a  cup-shaped  proceas,  aa  in  the 
Daffodil  (^i^.  497) ;  to  this  the  term  corona  is  commonly  applied, 
and  the  corolla  is  then  said  to  be  urowned.  By  nunj  botanists, 
however,  this  latter  term  is  applied  whenever  the  acalei  or  ap- 
pendages are  arranged  in  the  form  of  a  ring  on  the  inside  of  the 
corolla,  whether  united  or  diatinct.  The  beautiful  fringe*  on 
the  corolla  of  the  Passion-flower  are  of  a  similar  nature. 

The  origin  of  these  scales  is  by  no  means  clearly  ascertained ; 
by  some  botanists  they  are  supposed  to  bn  derived  fruin  the 
petals,  by  others  to  be  abortive  stamens ;  hut  they  are  nuw 
more  commonly  regarded  as  ligules  (see  page  176)  developed 
on  the  petals.  Formerly  many  of  these  appenda^  were  de- 
scribed under  the  name  of  vxctarwa,  although  but  few  of  them 
E»seBs  the  power  of  secreting  the  honey-like  matter  or  nectar 
om  which  the)'  derived  their  namea  -,  tha^  w«i«  tiwcefote  ioi- 
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jnfoij  to  t«nned.     Tbe  nature  of  the  eo-called  nrctorii-i  htut 
bemilreulj  described  under  the  head  uf  GlaiiiU  {ten  pugu  f>7)- 

Drunox  OF  THE  CoBOLLA. — Thedurationof  thacoruUft  variea 
like  tint  of  the  oUys,  but  it  is  almost  always  more  fufritiva  than 
it.  It  ii  raduetnit  if  it  falls  as  the  fluwer  uiwQs,  as  in  the  Graiie- 
Ti'sa ;  conunDnly  it  is  dariihioMi,  iir  falls  olf  soon  after  the 
•jftULgol  the  flower.  In  rare  initauces  it  wptrnirlfiit,  in  which 
EMiituniftllj  becomes  diyand  ihri veiled,  as  in  Heaths  and  the 
ipUH  of  t^mpaiivtu  ifig.  432),  when  it  is  said  tu  be  mttneact-itt. 


Section  4.     The  I^hbntial  Oboans  op  BbpeoiiV(T1os. 
Thk  essential  or^ns  of  reproduction  are  the  anilnijciiiui  at 
g^ncEciain,  and  these  together  form  the  two  inner  whorli  of  tl 
lower,    liiej  are  called  the  essential  organs 
bttsnie  the  action  of  both  is  nacessary  for  ^"•-  *'■***■ 

Ihe  nrodnctiou  of  perfect  seed. 

Flowers  which  possess  both  theM  organs 
ire  called  htrmafAroiiitf  or  bUtxual  {Jig.  513) ; 
then  only  one  »  present,  they  are  vnitrjntal 
iitdieUHmu,  as  in  the  species  of  Carer  {firj. 
49e),«idS(iiia:Oi3».4IOand411).  Theflower 
i*  also  then  farther  described  as  staminate  or 
■tamiuifaroiu  (jCffi-llO  and  4W)  when  it  con- 
tains (Hil^  k  stamen  or  stamens  ;  and  carpel- 
laiT,  pistillate,  or  pistiUiferous,  when  it  baa 
ojilV  a  carpel  or  carpels  (fig.AM).  When 
a  nower  possesses  neither  ondrtecium  nor 
gyDoscinm,  as  is  sometimes  the  case  with  the 
unter  florets  of  the  capitula  of  the  Coin- 
praits,  it  is  said  to  be  nrvttr.  When  the 
lloiren  are  unisexual  both  staminate  and  pis- 
tillate flowers  may  be  borne  upon  the  same 
plant,  u  in  the  Hazel,  Osk,  Cuclioo-pint  (/>,. 
308),  and  the  species  of  Carex,  in  which  cast)  ' 
the  plant  is  stated  to  be  monacioua  ;  or  upon 
different  plants  of  the  same  species,  as  in  the 
Willows  and  Hemp,  when  the  plant  is  snid 
to  be  dirreiont.  In  some  cases,  as  in  many 
Palms  and  in  the  Pellitory  (Pnritlaria),  dta- 
minate,  pistillate,  and  hermaphrodite  fluwcrs  i 
the  same  individual,  and  then  the  jilant  m  called  jMi'ygatnoiis. 

Like  the  sepals  and  petalK,  the  atamuns  nnd  carpels  are  con- 
aidered  as  homologous  with  leaves,  but  they  generally  present 
much  less  resembluice  to  these  organs  than  the  component  parts 
of  the  floral  envelopes.  Their  true  nature  is  shown,  however, 
bf  their  occuional  conversion  into  leaves,  and  by  other  circum- 
ttancea  whidi  will  be  described  hereafter  when  treating  of  the 
OescavJ  Morphology  of  the  Flower. 


e  situated  upon 


23  t  THK    ANDUO-XH'M. — PARTS    OF    A    STAMEN. 


1.    THE  ANDRCECIUM. 

The  androecium,  or  male  systein  of  Flowering  plants,  ib  tli9 
whorl  or  whorls  of  organs  which,  in  a  complete  flower^  ia  ntoataA. 
between  the  corolla  (Jig.  517)  or  perianth  (fig.  27)  on  the  ontiidet 
and  the  gynoecium  ou  the  inside ;  or  it  is  placed  between  the 
calyx  and  gynoecium  when  the  corolla  is  absent  {fig.  28),  as  in 
monochlamydeous  flowers ;   or  in  achlamydeous  flowers,  it  is 
either  outside  the  gynoecium  {fig.  29)  when  those  flowen  an 
bisexual,  or  it  stands  alone  {fig.  33)  when  the  flowers  are  uni- 
sexual and  staminate.    The  organs  of  which  it  is  composed  are 
termed  Stamens.    Each  stamen  consists  generally  of  a  thread- 
like portion  or  stalk,  called  the  filameiU  {fig.  26,  /),  which  is 
analogous  to  the  petiole  of  the  leaf ;    and  of  a  little  bag  or 
case,  a,  which  is  the  representative  of  the  blade,  called  the  anihtr^ 
and  which  contains  a  powdery,  or  more  rarely  waxy  matter, 
termed  the  pollen,  p.     The  only  essential  part  of  the  stamen  vk 
the  anther  with  its  contained  pollen  ;  when  the  pollen  is  absent, 
as  the  stamen  cannot  then  perform  its  special 
functions,  it  is  said  to  be  ahartive  or  sterile  {fig.         Fm>.  499. 
512,  U) ;  in  other  cases  it  is  termed /erf  Ue.     It 
nut  unfrequently  happens  that  flowers  contain 
sterile  filaments,  that  is,  filaments  without  an- 
thers, in  which  case  these  structures  are  termed 
staminodes.  These  commonly  preserve  a  flattened 
appearance,  as  in  the  flowers  of  the  species  of 
Caniia.    When  the  filament  is  absent  (which  is  rig.  499.   Stemm 
but  rarely  the  case),  as  in  the  Cuckoo-pint  {fig,      ^  **»•  Cnckoo- 
499),  the  anther  is  described  as  sessile.  al^mm^oouSt- 

1.  The  Filament. — In  its  structure  the  fila-  iiur  aimptyof  an 
ment  consists,  1st,  of  a  central  usually  un-  JSS^  ^j2j**t£ 
branched  bundle  of  spiral  vessels  terminating  thaiunin. 
at  the  connective  of  the  anther;  and  2nd,  of 
parenchymatous  tissue  which  surrounds  the  bundle  of  spiral  ves- 
sels, and  which  is  itself  covered  by  thin  epidermal  tissue.  The 
epidermis  occasionally  presents  stomata  and  hairs  ;  these  hairs  are 
sometimes  coloured,  as  in  the  Spiderwort  and  Dark  Mullein. 
The  structure  of  the  filament  is  thus  seen  to  be  strictly  analo- 
gous to  that  of  the  petiole  of  a  leaf,  which  presents  a  similar 
disposition  of  its  component  parts. 

The  filament  varies  in  form,  length,  colour,  and  other  parti- 
culars ;  a  few  of  the  more  important  modifications  of  which  will 
be  now  alluded  to. 

Form. — As  its  name  implies,  the  filament  is  usually  found  in 
the  form  of  a  little  thread-like  or  cylindrical  prolongation  which 
generally  tapers  in  an  almost  imperceptible  manner  from  the 
base  to  the  apex,  when  it  is  described  2^  filiform,  as  in  the  Rose ; 
or  if  it  is  very  slender,  as  in  most  Sedges  and  Griasses,  it  is  eapU- 
lary  [jigs.  498  and  500).    In  the  latter  case  the  filament,  instead 
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oSoffotiitig  the  ftnther  in  the  erect  pocition  u  it  luuallf  doea, 
becoDM  bent,  mad  the  snther  ia  then  penduluiu  (Jigi.  498  and 
500),  At  other  timet  the  filunent  betwme*  eularged,  ur  it  ia 
bOmti  in  varioua  ways.  Thna  in  louie  oaea  it  is  dilated 
gndniUj  from  below  upwanli  like  a  club,  when  it  ia  clavatt  or 
thi-A^td,  aa  in  Thalicirum  ;  or  it  ia  ilightl;  enlarged  at  the 
Um,  and  tapen  upwuds  to  »  point  like  an  awl,  aa  in  the 
Floaeriiig  Rush  {mttoiatu  nmbrUattu) ;  in  other  casea  it  ia 
ItttMked  at  the  baae,  the  reat  of  the  filament  aaauming  ita 
uliiaitj  iDtiDded  form,  aa  in  Tamari-jc  gaUica  (Jig.  GOl),  and 
VMM  (rf  ComponWa  (jig.  602} ;  or  the  whole  of  the  filament 
tilitteiied,  and  then  it  frequently  asaumea  the  appearance  of 
1  petal,  when  it  ia  deacribea  aa  tptlaioiii,  aa  in  the  Water-lily 
(j^  448,  <,  and  517),  and  in  Cantia  and  allied  planta. 


F10.SOO. 


Fio.  fiOI. 
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I  the  filament  ia  Uiothtd  aa  in  Allivm  (Jig.  503),  or 
/odted  aa  in  Oravt^  (fig.  504)  ;  or  furnished  with  various  ap- 
pendage* as  in  the  Borage  (fig.  505,  a),  in  which  case  it  is  said 
to  be  appendieulaU. 

Length,  CaUmr,  and  ZHrtction. — The  length  of  the  filament 
Tariea  mnch.  Thua  in  the  Borage  (fig.  606,  /),  and  planta  geiie- 
lally  of  the  order  Bimginacefe  (jfj.  606)  the  filanieiitB  ate  very 
abort  ;  in  the  Primroie,  and  commonly  in  the  Primulaceot,  a 
■unilBT  condition  alio  occurs.  In  the  Fucliaia,  Lily,  Grasaes 
(fig.  SCO),  &«.,  the  filaments  are  usually  very  long. 

In  eotowtbe  filaments  are  generally  white,  hut  at  other  times 
tli(7  Basnow  rind  tints  like  the  corolla ;  thus,  iD  the  3|}idet«>-o[t 
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Ihey  nre  bine,  in  variuiw  siiecieB  of  HanHncrthit  and  ot  iEiuilhtfa 
yellovr,  in  Buiiie  Poppiew  black,  in  Fnchsia  red,  Ac. 

In  dircdion  the  filaments,  and  conseqnenUj  tiie  atamcnk, 
are  either  trf-ct,  hievrverl,  rtcurvtd,  pendvloNs,  &c. ;  theaa  toma 
beint^iiBsd  in  their  ordinary  ncceptation.  When  the  fiUmentiHa 
all  turned  towards  one  side  of  the  flower,  a^  in  tha  HonechMt- 
itut  and  AmarylliB,  tliey  are  said  to  be  dedinaU.     Genenllf 


HDoaking,  the  direction  is  nearly  the  same  from 


K  tlie 


end  of  the 
original  direction  is 


Klanient  to  the  other,  but 

departed  fnitu  in  a  remarkable  manner,  and  the  upper  port  of 
the  filament  forms  on  angle  more  or  len  obtuse  with  the  lower, 
in  which  case  it  is  termed  fjtHkttiait,  as  in  Midttmia.  Thia 
appearance  soinetintes  arises  from  the  pretence  of  an  articnlation 
at  the  point  where  the  angle  in  produced,  as  in  Ettphorhia  {fig. 
Bffi,  a)  In  such  a  cane,  or  whenever  an  articulation  exiata  on 
the  App&rent  lilament,  thii  ia  not  V>  ^  «i(niBAi«<ed  «h  &  tnu 
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fikaent,  bnt  to  consist  in  reality  of  a  flower-stalk  supporting 
asBI^  stamen.  The  flower  here,  therefore,  is  reduced  to 
I  angle  stamen,  all  the  parts  except  it  being  abortive.  This 
ii  pro? ed  by  the  occasional  production  in  some  allied  plants 
of  one  or  more  whorls  of  the  floral  envelojies  at  the  iK)int  where 
the  joint  is  situated.  In  the  Pellitory  {Panetana)^  the  filament 
urames  a  spiral  direction. 

bwatimi, — The  filament  usually  falls  off*  from  the  thalamuH 
ifterthe  influence  of  the  pollen  has  been  communicated  to  the 
earpd  In  rare  cases,  as  m  the  species  of  Campannla,  the  fila- 
ment is  persistent,  and  remains  attached  to  the  ovary  in  a 
vithered  condition. 

2.  Th«  Amthee. — Its  Paris, — The  different  parts  of  which 
the  anther  ii  composed  may  be  best  seen  by  making  a  trans- 
Tem  section  as  shown  in  figure  508.     Thus  here  we  observe  two 
puiUel  lobes,  B,  B,  separated  by  a  portion,  a,  a,  called  the  ctfu- 
yctiWf  to  which  the  filament  is  attached.     Each  lobe  is  divided 
into  two  cavities,  d,  d,  d,  d,  by  a  septum  which  j>asses  from  the 
connective  to  the  walls  of  the  anther.    The  cavities  thus  formed 
f       in  tlie  lobes  of  the  anther  sre  called  cells  or  locvli.     All  anthers 
ifl  an  early  stage  of  development  possess  four  lomdi^  and  this 
is  considered  the  normal  state.     When  a  fully-developed  anther 
exiiibits  a  similar  structure,  as  in  the  Flowering  Rush,  it  is 
four-eeUed  or  quadrUocidar  {fi^s.  500  and  532) ;  or  when,  as  is 
fsr  more  commonlv  the  case,  the  partitions  separating  the  two 
Jocnli  of  each  anther-lobe  become  absorbed,  it  is  tico'celled  or 
hilocular  {fig»  531).     In  rare  cases,  the  anther  is  tmi7<H;i(/ar  or 
one-telledj  as  in  the  Mallow  (Jig.  530),  Milkwort  (fig,  510),  and 
Lady's  Mantle  {fig.  511)  :  this  arises,  either  from  the  abortion  of 
one  lobe  of  the  anther,  and  the  ab8r«rption  of  the  septum  between 
the  two  cells  of  the  lobe  that  is  left ;  or  by  the  destruction  of  the 
partition  wall  of  the  two  lobes  as  well  as  of  the  septa  between  the 
cells  of  each  lobe.    In  some  plants,  again,  as  in  many  Hpecies  of 
SalviOy  the  connective  becomes  elongated  into  a  kind  of  stalk, 
each  end  of  which  bears  an  anther  lobe  (fig.  512),  in  which  caMe 
there  appear  to  be  two  unilocular  or  one-ceUad  anthers.  When  thin 
occurs  one  lobe  only.  If,  contains  pollen,  the  other,  Is,  is  sterile. 
That  surface  of  the  anther  to  wnich  the  connective  is  attached 
is  called  the  hack  {fig,  508,  a,  a),  and  the  opposite  surface  is  the 
face.    The  latter  always  presents  ^  more  or  less  grooved  ap- 
pearance {figs.  506  and  513,  c),  indicating  the  point  of  junction 
of  the  two  lobes.    Each  lobe  also  commonly  presents  a  more  or 
leas  evident  furrow  {fig.  513, 6),  indicating  the  point  at  which  the 
mature  anther  will  open  to  discharge  the  pollen  ;  this  furrow  is 
termed  the  suture.    By  these  furrows  the  face  of  the  anther  may 
be  generally  distinguuhed  from  the  back,  which  is  commonly 
smcKiih  OE()r.  608,  a)  and  has  moreover  the  filament  attached 
to  it.     The  hce  ia  generally  turned  towards  the  synoecium  or 
oentte  of  Urn  Bower,  b»  in  the  Water-lily  {fi^.  517),  VixvQ  {j^. 
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513),  and  Tulip  (fig.  618),  in  which  case  the  anther  »  cdkd 
introrse  ;  but  in  some  instances,  as  in  the  Iris,  and  Mesdow 
Saflron  (fig.  514),  the  face  U  directed  towards  Ae  petals  ot  cbt- 
cumference  of  the  flower,  when  the  anther  is  said  to  be  txirom. 


Fio.  509. 


Fio.  510. 


Fig.  512. 


Fio.  511. 


Fig.  518 


Fio.  511. 


JTig.  fi09.  Qnadrilocnlar  anther  of  the  Flowering  Rndi  (Bitt<nnuM  umbellahu). 
a.  Filament  bearing  an  entire  anther.    6.  Section  of  the  anther  with  ite 

fonr  cells. Fig.  filO.  AndroBciom  of  Milkwort  ( A>/|FS7ala),  with  eight  ooe- 

celletl  anthers  dehiscing  at  their  apex. Fig.  611.  One  of  the  stamens  of 

the  Lady'B  Mantle  (AtcKemiUa).    The  anther  is  on»<eUed,  and  dehisoea 

transversely. Fig.  512.  Stamen  of  the  Sage  (Salvia),  /.  Filament,    c 

Connective  bearing  at  one  end  a  cell,  (^,  containing  pollen,  when  it  is 
said  to  be  fertile ;  and  at  the  other  end  a  cell,  U,  without  pollen,  in 
which  case  it  is  sterile. Fig.  618.  The  Essential  Organs  of  Repro- 
duction of  the  Vine  ( VitiM  vin{f€ra),  a.  Anther,  c.  Farrow  in  its  faos 
which  is  tamed  towards  the  pistil  or  gynoedam.  b.  Sotore  or  line  of  de- 
hiscence.   The  anther  is  introrse. Fig.  614.  The  perianth  cat  open, 

showing  the  stamens  of  the  Meadow  Safbt>n  {ColcKiaim  autmmmatf)  witli 
thdr  anthers  tamed  towards  the  floral  envelopes,  and  benoe  teimed  es- 
trorse. 

Its  Development  and  Sti'iicture. — When  first  formed  the  an- 
ther consists  of  parenchymatous  cells  of  about  the  same  size  and 
form;  but  ultimately  each  lobe  preaenta  two  oentral  masses  of  oeUs 
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I  t«nned  parent  or  mother-eel  la,  from  bein^; 

dented  to  the  fonnfttion  of  pollen  {fig,  515,  cm),  and  over  which 
II  kra  three  distinct  layen  of  cell*.  The  inner  one,  el, — that 
a  tliel»Teriminodi>t(i1jenclci»ingeKch  central  ma«a,  ii  called  the 
mia&tfvaa;  it  is  formed  of  but  a  ungle  row  of  delicate  cella, 
ilich  ippear  to  contain  nitrogonout  matter,  Euid  auppoaed  to  be 
cnmmea  in  the  nourishment  of  the  pollen-cells  in  their  enrly 
pawtL  This  layer  commonly  disappears  as  the  jiollen  becomes 
lutorad,  bnt  it  ia  persigtent  in  those  anthers  which  have  porotit 
deluaMiice.  The  layer,  ei,  inunediaiuly  outside  the  endothecium, 
ii  lamed  the  mewtktfmm.  It  is  a  permanent  layer,  and  cun- 
nti  of  one  or  more  rows  of  cell*,  aome  of  which,  except  in  the 


CAM  of  antiiers  opening  by  pores,  contain  spiral,  articulated. 
or  annnlarly  arranged  fibres.  The  third  or  external  lajer,  ee.,  is 
of  an  epidermal  nature,  and  is  called  the  exot)iefium,  and  upon 
which  stomata  are  frequently  found. 

The  anther  in  its  mature  form  present!  therefore,  in  nearly 
all  cases,  bnt  two  coats,  as  shown  in  /^ires  50D  and  51U,  that  is, 
an  vtoihteiiitn  (Jig.  616,  a),  or  outer  coat ;  and  an  enduflMnum,  ef, 
or  inner  ooat,  which  corresponds  in  structure  to  the  mesothecium 
of  th«  immatnre  anther.  The  connective,  as  a  g  -nerat  rule,  has  a 
■imilar  stnictare  to  the  filament.  Each  lobe  of  the  anther,  as 
already  noticed,  is  divided  at  an  early  age  into  two  cavitisB,  by 
the  leptnin  (Jig.  508),  which  extends  from  the  connective  to  the 
■otnrB.     Thm  teptaia,  wbieb  fonat  the  ^itacentoid  oi  C\u.Ui\,  vt 
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usually  more  or  less  destroyed  when  the  pollen  is  matured,  but 
generally  traces  of  it  may  bo  seen  in  the  form  of  cellular  projec- 
tions from  the  connective,  by  which  each  cell  of  the  anther  is 
partly  subdivided.  To  these  processes  the  name  of  placentoidM 
was  given  by  M.  Chatin,  under  the  impression  that  they  aaaisieci. 
in  the  nourishment  of  the  pollen. 

We  have  already  shown  that  the  floral  envelopes  are  homo- 
logous with  leaves,  representing  them  as  they  do  in  all  theur 
essential  characters  (pages  216  and  223).  We  have  now  to  ex- 
amine the  stamen  with  the  view  of  ascertaining  whether  its  parts 
have  in  like  manner  any  resemblance  to  those  of  the  leaf.  We 
have  no  difiiculty  in  recognising  the  filament  as  the  homologue 
of  the  petiole,  as  in  its  form,  position,  and  structure  it  is  essen- 
tially the  same  (page  234).  The  connective  of  the  anther,  again, 
is  clearly  analogous  to  the  midrib  of  the  blade,  and  hence  we 
readily  see  that  the  two  lobes  of  the  anther  correspond  to  the 
two  halves  of  the  lamina  folded  upon  themselves  ;  in  fact,  if  we 
take  the  blade  of  a  leaf  and  fold  it  in  the  above  manner,  and  then 
make  a  transverse  section,  it  will  present  a  great  resemblance  to 
the  section  of  the  anther  already  described  {fig.  508).  We  may 
therefore  conclude,  that  the  anther  corresponds  generally  to  the 
lamina  of  the  leaf,  the  connective  to  the  midrib,  the  outer  suifkoe 
to  the  epidermis  of  its  lower  side,  and  the  septa  to  the  epidermis 
of  the  two  halves  of  the  upper  surface  of  the  lamina  united  and 
considerably  thickened.  The  sutures  or  lines  of  dehiscence  are 
conmionly  regarded  as  corresponding  to  the  margins  of  the 
transformed  leaf  ;  but  according  to  Oliver,  '  the  sutures  of  the 
anther  answer  to  the  lines  of  junction  of  the  outer  and  inner 
thickened  portions  of  the  lamina  on  either  side  of  the  midrib, 
and  the  septa  as  resulting,  in  part  at  least,  from  the  inflected 
epidermis  of  the  adjacent  anther- cells.'  The  pollen  corresponds 
to  the  parenchyma  situated  between  the  epidermis  of  the  upper 
and  lower  surfaces  of  the  lamina  of  the  leaf. 

Attachment  of  the  FilamciU  to  Hie  AfUher. — The  mode  in  which 
the  anther  is  attached  to  the  filament  varies  in  diflerent  plants, 
but  it  is  always  constant  in  the  same  individual,  and  frequently 
throughout  entire  natural  orders,  and  hence  the  characters 
afforded  by  such  differences  are  important  in  practical  botany. 
There  are  three  modes  of  attachment  which  are  distinguiahed  by 
special  names.  Tlius  :  1st,  the  anther  is  said  to  be  adnaU  or 
dorsifij'ed  when  its  back  is  attached  throughout  its  whole  length 
to  the  filament,  or  to  its  continuation  caued  the  connective,  as 
in  the  Magnolia  (fig.  521),  and  Water-lily  (>Iy.  517);  2nd,  it 
is  innate  or  basifixed  when  the  filament  is  only  attached  to 
its  base,  and  firmly  adherent,  as  in  the  species  of  Cartx  {fig, 
498) ;  and  3rd,  it  is  versatile^  when  the  filament  is  only  at- 
tached by  a  point  to  about  the  middle  of  the  backof  the  oonneo- 
tive,  so  that  the  anther  swings  upon  it,  as  in  Qrasses generally  (fig» 
500),  and  in  the  Lily,  Evening  Primrose,  and  Meadow  Safiroii. 


HODincAnoNa  or  tbb  conneciivs. 


—The  rekitioni  of  the  anther  to  the  filament,  as 

«fl  M  iti  lobee  to  ekch  other,  axe  much  influenced  by  the  ap- 

NIlBCe  Mid  ciM  <rf  the  connective.     Tliiu  in  all  adnata  BOtben 

It  etmatetive  ia  Urge,  Mtd  the  lubes  generallj  mora  or  leu 

Pic.  S17.  Ffo.  .'.IS. 


fH-at-AvaOenvl  tlw  OMnrof  tbe  Whlti  WUerAUj  <Xfmi*"'^t«i 
mtUlBM  of  ■  gjiMdnni  Infuted  l.y  t  laigr  fl«hj  diak  pmloiiged  fnim 
■tetlBlwioibdowlt.  Th«pl(tUI> -arToanrlKl  bymniF  guunciHwIMdi 
ban  pKdoU  HJuamu  uid  Hlntte  {ntn^irc  uitlkpn  ;  unJ  t>f  two  frtaU- 
/y.  »1S.  ajHFdDm  ui]  BmlrcKluiu  of  tho  Tulip.    The  •tuicii'i  il 

Tm.  filB.        Pin.  SV).        Fio.  S21.  Fio.  311.  Fiu  623. 


(T  of  B  lipwlw  nt  linpSTbi'l.  iljowlnir 


Mr  two  lobH  of  the  inther,  ui 

Knot  th 

Lline<r/ll-r1,oliDit 

tbelolwi 

If  JAl|M 

in  ptaanr.  riwwInK 

■dial*  uUHr  ud  |iTalaniH>l 

«>nn.cd.< 

f».IUi.  Tv.t> 

BMU  ■>;  the  UautHK  ( Ftola  lr«»<«r). 

rf,K|„r. /V-; 

temotliir  Mm  of  tbe  O 


i  the  connective  ia  very  sntull,  or  altogether  want- 
9ciM  of  Euphorhia  {fig.  519),  to  that  the  lobes  of 
ra  tliBD  inuaedrntelj  in  coutact  at  their  buc.     In 
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the  Lime  the  connective  completely  separates  the  two  lobes  of 
the  anther  (Jig,  520).     In  the  Sage  (fig,  612)  and  other  speciei 
of  Salvia^  the  connective  forms  a  long  stalk-like  body  placed 
horizontally  on  the  top  of  the  filament,  one  end  of  which  beiii 
an  anther  lobe,  If^  containing  pollen,  the  other  merely  s  pe- 
tiiloid  plate  or  abortive  anther  lobe.  Is;  it  is  then  said  to  be  oia* 
tractile.     Sometimes  the  connective  is  prolonged  beyond  the 
lobes  of  the  anther ;  either  as  a  little  rounded  or  tapering  ex- 
pansion, as  in  the  Magnolia  (fig,  521),  or  as  a  lonff  feauier^ 
process,  as  in  the  Oleander  (fig.  523),  or  in  various  ouier  ways. 
At  other  times  again,  it  is  prolonged  downwardfl  and  backwards 
as  a  kind  of  spur,  as  in  the  Heartsease  (fig,  522).     Anthers  witla 
such  appendages  are  termed  appendiculcUe, 

Forms  of  the  Anther  Lobes  and  Anther, — The  lobes  of  tho 
anther  assume  a  variety  of  forms.  Thus  in  Mei'curialis  annva 
(fig.  525)  they  are  somewhat  rounded ;  very  frequently  they  are 
more  or  less  oval,  as  in  the  Almond  and  Lime  (fig,  520) ;  in 
the  Acalypha  they  are  linear  (fig,  524) ;  in  the  Gfouid  tribe 
(fig,  526)  linear  and  sinu<»is  ;  in  the  Scianum  (fig,  634)  four- 
Hided  ;  and  at  other  times  pointed,  or  prolonged  in  various  ways. 
These  and  other  forms  which  they  assume,  combined  with  those 
of  the  connective,  determine  that  of  the  anther,  which  may  be 
oiYi/^  oblong,  &c. ;  or  bifurcate  or  forked  as  in  the  Vaccimum 
'  ^diginosnm  (fig,  528),  or  quadrifurcate  (fig,  529)  as  in  Chudlheria 


Fig.  52 1.  Fig.  525.  Fig.  526. 
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rig,  624.  A  stamen  of  a  apfidoa  of  Acalypha  in  a  younf^  •tato.    f.  FHamcnt. 

/.  Linear  antbor  lobes. Fig.  fi25.  A  stamen  of  JHercurialis  annma,  /. 

Filamnnt.    c.  Coimectire.    /.  /.  Hoanded  anther  lobei  dehiscing  lonoita- 

dinally. Ffg.  526.  Tho  Unear  and  sinuons  anther  lobes,  {,  attaobed 

to  the  filament,  /.  of  the  common  Bryony  (Bryonia  dMea),    The  above 
figures  ore  from  Jnssieu. 

procumhem,  or  sagittate  (fig,  523)  as  in  the  Oleander,  or  earela<'<- 
Sftgittate  as  in  the  common  Wallflower  (figs,  25  and  26).  In  the 
Grasses  the  anthers  are  bifurcate  at  each  extremity  (Jig,  600), 
so  as  to  resemble  somewhat  the  letter  x  in  form. 

The  lobes  of  the  anther  also,  like  the  connective,  frequently 
present  appendages  of  various  kinds.  Thus  in  the  Erica  dfierea 
they  have  a  flattened  leafy  body  at  their  base  (Jig,  6127 ^  a) ;  at 
other  times  the  surface  of  the  anther  presents  projectiona  in  tlie 
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form  of  pointed  bodies  (^.  528,  a),  as  in  l^to^anium  uil^tiivwim , 
orwvts,  (&c.  Such  anthers,  like  thuse  which  present  append- 
agM  from  the  connective,  are  termed  appetyiiculnte, 

Cuiwir  of  the  AtUher, — The  anther  when  young  is  of  a 
mniih  hue,  bat  when  fuUj  matured  it  is  usually  yellow. 
Tbm  are  however  many  exceptions  to  this  :   thus  it  is  dark 
porplo  or  black  in  many  Poppies,  orange  in  E^chschAtzM,  purple 
in  the  Tulip,  red  in  the  Peach,  &c. 


Fio.  527 


Fi<i.  529. 


fig.UT.  AppendioalAte  anther  attached  to  filament,/,  of  the  Flne-loav^^l 
lleath  (BHta  einfren).  a.  Appendago.  /.  Lolknk    r,  r«itfral  |)on!  or  short 

Klit  where  deblwenoe  takee  place. FUj.  628.  Bifurcuto  anther  oi  Vitcci- 

■Nmi  vf^nonmi  attached  to  fllHDient,/.   /.  Anther  lobt>4.   a.  Appondoffi'H. 

p.  Polnta  of  the  anth(-r  lobe*  where  dehiiicpnoe  tak«M  pliic**. />;.  .*«2<). 

Qnadrifarcate  anther  of  (tMolthtria  pror<rmArfi«,  attache  1  tu  thkuwut,/. 
I.  Anther  k>ber.    The  aboTe  fl^roflare  from  JumIvu. 

DehUcenceof  the  Anther. — When  the  anthers  are  jwrfectly  rii)e 
they  open  and  discharge  the  contained  pollen  (JufA.  2i)  and  5^)  ; 
this  act  is  called  the  dehiscence  of  the  anther.  Dehiscence  com- 
monly takes  place  in  the  line  of  the  sutures  (Jig.  513,  />),  and  at 
the  period  when  the  dower  is  fully  expanded,  and  the  pistil 
consequently  sufficiently  developed  to  receive  the  influence  of 
the  pollen ;  at  other  times,  however,  the  anthers  burst  before 
the  flower  opens  and  while  the  pistil  is  still  in  an  imperfect 
state.  All  the  anthers  may  open  at  the  same  periiHl,  or  in  sue- 
ceasicn ;  and  in  the  latter  case  the  dehiscence  may  either  com- 
mence with  the  outer  stamens,  as  is  usually  the  ciise,  or  rarely, 
with  the  inner. 

Dehiscence  is  produced,  partly  by  the  development  and 
growth  of  the  pollen  in  the  lobes  of  the  anther  pressing  upon 
their  coats  and  causing  an  absorption  of  their  tissue  ;  and  partly 
by  the  special  action  of  the  fibrous  cells  which  form  the  lining 
of  the  anther  {fig.  616,  ef)  ;  and  it  takes  place  commonly  at  the 
sutiirea,  becauae  at  these  parts  the  endothecium  is  altogether 
wanting,  and  the  exothecium  is  also  usually  very  thin,  so  that 
they  are  tlie  weakest  points  of  the  anther- walls. 

b2 


244 


DEHISCENCE   OF   THE   ANTHXS. 


The  deliUcence  of  the  anther  maj'  take  pUoe  in  fotudiBoHl 
vaya,  which  are  respectively  called,  1.  Longiivdinial,  S.  Tnn^ 

rrr»e,  3.  Porutit,  4,   Valvular, 

1.  Loiuiifudinal  or  Sfiturai. — Thii,  the  naiiaJ  mode  of  ddiii- 
cence,  conBista  in  the  opening  of  each  anther  lobe  from  the  \tm 
to  the  apex  in  a  longitudinal  direction  along  the  line  of  w 
as  in  the  Vine  {Jig.  613,  b),  the  Wallflower  {Ji^.  26),  and  Tolip 
{Jl9-  518). 

2,  Ti'cuii'ivrM.— This  kindnf  dehiBcencemoBtlyoccuTainmu- 
locular  nnthers,  as  in  those  of  AlchemiUa  (Jig.  511),  Xemna,  and 
Lmwubiia.  It  Htgnifies  that  the  splitting  open  of  the  antlia 
occurs  in  a  tranaverHe  or  horizontal  direction,  i.e.  from  the  oon- 
cective  to  the  aide.  It  aometiiiieB  happens  that  by  the  enlatge- 
uient  of  the  connective  the  locuhiH  of  a  one-celled  anther  is  placed 
horizontally  instead  of  vertically,  in  which  cane  '*      '  '  ' 
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Fio.  531. 


Fig.  (S2.       Fig.  533     Fig.  6M. 


when  it  takes  place  in  theline  of  the  suture  would  be  apparently 
transverae,  although  really  longitudinal.      An  example  of  thia 


kind  of  dehiscence  is  afforded  by  the  Mallow  ^g. 
other   plants   belonging  to   the   natural   order  UolvaceK. 


In 

practical   botany  such  anthers,  like  the  former,   are  said  to 
dehisce  transversely. 

3,  PtrrMis  or  Apieal. — This  is  a  mere  modification  of  longi- 
tudinal dehiscence.  It  is  formed  by  the  splitting  down  of  the 
anther  lobes  being  arrest«d  at  an  eany  period  so  as  only  to  pro- 
duce pores  or  short  slits.  In  such  anthera  there  is  commonly 
no  trace  of  the  sutures  to  be  seen  externally.  The  pores  or  slits 
may  be  either  situated  at  the  apex,  as  in  the  speciea  d  Seta- 
num(jtff.  634)  and  Milkwort  (, Jig.  6WV,  ot  ViiKwlVj,**  in.  the 
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£eitb  {fig,  527,  r).     There  may  be  either  two  pores,  as  is 
onalljr  the  case  {fig.  531,  /»),  or  four,  aa  iu  Foranthera  {fig, 
6S2,p\  or  many,  aa  in  the  Mistletoe,  or  only  one,  as  in  Tetratlieca 
M^Uia.  533). 

4.  Vcumdar  or  Operctdar,— This  name  is  applied  when  the 
irhole  or  portions  of  the  face  of  the  anther  open  like  trap-doors, 
vfaich  are  attached  at  the  top  and  turn  back  as  if  on  a  hinge.  In 
the  Barberry  {fig.  535)  there  are  but  two  such  valves  or  lids  ; 
while  in  pluita  belonging  to  the  Laurel  order  there  are  two  or 
four  sach  lids  {fig,  530,  o),  according  as  the  anthers  have  two 
or  four  cells. 

Fig.  bSG, 


Fig.  535. 


Fi'j.  byi.  Anther  of 
Barberry  (Btrb^i* 
vulgaris)    upi>ning 

by  two  Talven. 

Fifj.  536.  Stamoii  of 
a«ptwie8  of  Ltiurui. 
f.  Filament,  with 
two  Rlaads,  y,  *j,  at 
iu  ba«i.  /,/.  Lo- 
culi,  of  which  there 
are  four.  c.  Valvei. 


Thb  Stamens  oekerally,  or  the  ANDR<£riuM. — Before  de- 
scribing the  pollen  which  is  contained  within  the  anther,  it  will 
be  better  to  take  a  general  view  of  the  stamens  as  regards  their 
relations  to  each  ol£er,  and  to  the  other  whorls  of  tlie  flower. 
We  shall  consider  this  part  of  our  subject  under  four  heads, 
namely : — 1.  Number,  2.  Insertion  or  Position,  3.  Union,  4. 
Belative  length. 

1.  Nwmber. — ^The  number  of  stamens  is  subject  to  great 
variation,  and  several  terms  are  in  common  use  to  indicate  such 
modifications.  In  the  first  place,  certain  names  are  applied  to 
define  the  number  of  the  stamens  when  compared  in  this  re- 
spect with  the  component  parts  of  the  floral  envelopes.  Thus 
when  the  stamens  are  equid  in  number  to  the  sepals  and  petals, 
the  fiower  is  said  to  be  itosUmeiimviy  as  in  the  Primrose  ;  if  they 
are  unequal,  as  in  the  Valerian  {fig,  489),  the  flower  is  anisoste- 
mevwiu.  Or,  when  greater  accuracy  is  required  in  the  latter 
case,  we  say  diplotiUmtnous,  if  the  stamens  are  double  the 
number,  as  in  Stonecrop  ;  meiostemetuytis,  if  less  in  number,  as  in 
the  Lilao ;  and  polydemeno%i8y  if  more  than  double,  as  in  the 
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in>?:kti()N  of  tfie  stamens. 


Secondly ,  the  flower  receives  different  names  according  to  tho 
actual  number  of  stamens  it  contains,  without  reference  to  tho 
number  of  parts  in  the  outer  whorls.  This  number  is  indicated 
by  the  Gr^ek  numerals  prefixed  to  the  word  androtu,  whidi 
means  male  in  reference  to  the  function  of  the  stamen.  Thm,  a 
flower  having  one  stamen  is  motiandrousy  two  dtandroui,  tline 
triandroiM,  four  UtrandrouSy  and  so  on.  We  shall  have  to  refer 
to  these  terms  again  when  treating  of  the  LinnaBan  system  of 
classification,  as  many  of  the  classes  in  that  system  are  deter- 
mined by  the  number  of  stamens  contained  in  the  flower. 

2.  hisertion  or  Position.  — When  the  stamens  are  free  from  the 
calyx  and  pistil,  and  arise  from  the  thalamus  below  the  laHer 
organ,  as  in  the  Poppy  {Jig.  31)  and  Crowfoot  (fig.  537),  they  are 
said  to  be  hypogyiious^  which  signifies  under  the  female  or  jMsiil ; 


Fio.  538. 


Fig.  539. 


Fig.  537. 


/Hg.  537.  Apocarpous  pistil  of  the  Crowfoot  (Annntrw/M),  with  two 

arising  from  the  thalamus  Iwlow  It,  or  hypogynous. Fig.  &88.  Ycrtleal 

section  of  a  flower  of  the  Primrose  (/Vfmtila),  showing  eplpetaloiis  stameiii. 
The  pistil  in  the  centre  has  an  ovary  with  a  free  central  jdaoenta,  one  style, 

and  a  capitate  sti^rma. Fig.  639.  Vertical  section  of  the  flower  of  Uie 

Cherry,  showing  the  perig>'nous  stamens  surrounding  the  pivUL 

this  is  the  normal  position  of  the  stamens.  When  the  stamens 
are  attached  to  the  corolla,  as  in  the  Primrose  {fig.  638),  they 
are  epipetalo^is.  When  the  stamens  adhere  to  the  calyx  more  or 
less,  so  that  their  position  becomes  somewhat  lateral  to  the  pis- 
til instead  of  below  it,  as  in  the  StrawbeiTy,  Cherry  {fig.  5^X 
and  Apricot,  they^  as  well  as  the  corolla,  are  said  to  be  perigy^ 
iious.  When  the  calyx  is  adherent  to  the  ovary  so  thai  it 
appears  to  rise  from  its  apex,  the  intermediate  stamens  and 
corolla  are  also  necessarily  placed  on  the  summit,  and  are  said  to 
be  epigyiwuSf  as  in  the  species  of  Campamda  {fig.  540),  Gairot, 
and  Ivy.  It  sometimes  happens  that  the  stamens  not  only  ad- 
here to  the  ovary  or  lower  part  of  the  pistil,  as  in  the  epigynous 
form  of  insertion,  but  the  upper  part  of  the  stamen  or  stamens 
and  pistil  become  completely  united  el«o,  axkdtbxiA  form  a  column 
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bAt  Mntn  of  the  flower,  u  in  the  Orchu  (fig.  641),  and 
BMffort(ji|r.  543);  this  column  is  then  termed  tbe^yrKufemidM, 
■id  the  flowen  ura  aaid  to  be  gi/naTulrunt. 


3.   fnioM  or  CoAtiion.— When  the  etaniens  «i«  perfectly  free 
ud  tepknte  from  each  other,  as  in  thtt  Vine  (Jig.  G13},  tbej  are 
Mid  to  be  free  or  dutiiwf ;  when  united,  an  in  the  Mallow  (jig, 
Ut),  thej  are  eoheretU  or  eonnofe. 
Pio.  M3.         Fiii.  M4. 


lo.  645. 


Fig.  U6. 


SUBinuimlMd  bi-IbelrfUi 

or  tba  aa«cT,H  than  ii  no  plalU. 

Wlien  Hie  stamens  cohere,  the  union  maj  take  place  either 

tibeir  MitheiH,  or  by  their  tilamenta,  or  by  both  anthen  and 

When  Ouj  tnthen  unite,  the  stameoB  ate  termed 


filBiaevil 
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UNION    OF    THE    STAMENS. 


sifiiyene^fions  or  syiianthero\is  (jiff.  543).  This  union  occurs  in 
all  the  Compositte,  the  Lobelia,  and  in  Home  other  plants.  When 
the  anthers  thus  unite  the  filaments  are  commonly,  though  noi 
always,  distinct.  When  union  occurs  between  the  stajneni, 
however,  it  is  more  common  to  see  the  filaments  united,  aad 
the  anthers  free.  This  union  by  the  filaments  may  take  place 
in  one  or  more  bundles,  the  number  being  indicated  bj  i 
Greek  numeral  prefixed  to  the  word  adelphouSf  which  sigmfiii 
brotherhood.  Thus,  when  all  the  filaments  imite  together  and 
form  one  bundle,  as  in  the  Mallow  (Jig,  544),  and  Wood  Soml 
(fid.  545),  the  stamens  are  said  to  be  monadetphoua.  When  such 
a  union  takes  place  in  a  complete  flower,  the  coherent  filamenti 
necessarily  form  a  tube  or  ring  round  the  pistil  placed  in  their 
centre,  as  in  the  Wood  Sorrel  (fig»  545)  ;  but  when  the  pistil  ii 
absent,  and  the  flower  therefore  incomplete,  the  united  fila- 
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Fio.  548. 


Fiff.  647.  Diadelphoufl  stamens  of  the  Sweet  Pea  (L<iMyriM),8niT(nmdliigtbe 

])lstil.    There  are  ten  stamens,  nine  of  which  are  united  and  one  tree. 

Fig.  548.  Flower  of  the  Orange  dircsted  of  its  corolla,  to  show  the  polyadel- 
phous stamens. 

ments  form  a  more  or  less  central  column,  as  in  Jatropha  Curcas 
(Jig.  546,  a).  When  the  filaments  imite  so  as  to  form  two 
bundles,  the  stamens  are  termed  diadelphaus,  as  in  the  Fea  {fig. 
547),  Milkwort  (Jig.  510),  and  Fumitory  ;  in  which  case  the 
number  of  filaments  in  each  bundle  may  be  equal  as  in  the 
Milkwort  and  Fumitory,  or  unequal  as  in  the  Pea  (Jig.  547), 
where  there  are  ten  stamens,  the  filaments  of  nine  of  them 
being  imited  to  form  one  bundle,  while  the  other  filament 
remains  free.  When  the  stamens  are  united  by  their  filamenti 
into  three  bundles,  they  are  triadelphous,  as  in  most  species  of  St. 
John's  Wort  (Jig.  549)  ;  and  when  in  more  than  three,  poly- 
adelphmiSj  as  in  the  Castor  Oil  Plant  and  Orange  {fig.  548>. 
The  term  polyadelphous  is  applied  by  many  botanists,  in  all 
cases,  where  there  are  more  than  two  bundles  of  stamens ;  it 
was  used  in  this  latter  sense  by  Linnaeus. 

The  union  of  the  filaments  in  the  aboTe  cases  may  either 
take  place  more  or  less  completely  ,«xvdtl\\i&lociiv s^txjihe  of  vary* 
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ilU(  hrighM,  aa  in  tlie  Mallow  (Ji;l.  544)  mid  WoihI  S<irrel  (Ji-J. 
iH);  ur  the  union  may  only  take  place  at  the  biue,  ai  iii 
tba  Tkmarie  gallita  {jig.  601).  The  bundle  or  bundleH,  again, 
EHf  be  eitlwr  unbranched,  as  in  the  Mallow  (fig.  644),  or 
Inncbgd,  m  in  the  Milkwort  {fig.  filO)  and  Caator  Oil  Plant 
[jff.  SfiO).  When  the  union  takes  place  bo  aa  to  form  a  tube  or 
tofaunn,  the  t^m  andrapKort  bu  been  applied  to  luch  a  column, 
uathe  HaUow  {fig.  644)  twd  Wood  Sorrel  (fig.  546). 

t  SiiiatM  Length. — There  are  two  teparste  mibject*  to  be 
lRit«l  of  here,  namely,  lat,  the  relative  length  of  the  ataiuens 
nthnipect  to  the  corolla  ;  and  2nd,  their  length  with  respect 
loMd  other.     In  the  first  place,  when  the  atamcni  are  shorter 
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fit.  M*.  The  pMil,  a,  at  >  i<p«1h  of  HtiptHnm,  aurroanrlal  by  Cli«  ttamf ns. 

(.f.  wblch  u>  united  bjthctr  mioraU,/,/.  Into  thne  bunaim. /Vv. 

SM.  One  of  tbe  tnnctial  liatidlni  at  itHDiHiiaf  IheCulorOU  Flint  ( jf/- 

■bowliif  the  ituonu  jnloD^ed  btiyvml  the  tubbot  tbec«uJ1a,0TGXviitvii. 
Tb*  soroUi  El  gibbciiu  it  Che  bue. 

than  the  tube  of  the  corolla  so  aa  to  bo  enclosed  within  it,  aa 
in  the  Foraet-iii»-not  (fig.  506),  they  are  said  to  be  inelvdol  ; 
and  when  ^e  atamena  are  longer  than  the  tubu  of  the  corolla  ao 
••  to  extend  beyond  it,  as  in  the  Valerian  (fi-j.  551),  they  are 
tKitrttd  or  pTotrvding. 

SeoMidly,  iho  lelative  length  of  the  stamenB  with  respect  to 
eMih  other  {Kwentsaeveral  peculiarities,  some  of  which  are  impor- 
tMit  in  Dmoriptive  Botany.  Thus,  somotimes  all  tho  stamens  of 
the  fiower  aia  nearly  of  the  same  length  ;  while  at  other  times  they 
ara  very  useqnal.  This  inequality  may  be  altogether  irregular 
again,  foUowing  no  definite  rule,  or  take  place  in  a  definite  and 
regular  manner  ;  thus,  when  the  fiowers  are  polystemenous,  the 
stunana  neaieat  the  centra  may  be  longer  than  those  at  the  cir- 
cumference, aa  in  £uA«a  poHtetdata  (fig.  652)  ;  or  the  reverse 
may  be  the  caw,  as  in  many  of  the  Rosacem.  In  the  case  of 
d^o«t«iiMau>tt«  Bawan,  m»  with  the  Willow  Herb  (^Epilnbium^, 


■2r>a  TiFK  ruMxEN. 

tlie  stameiu  ultematinff  with  the  pet&lB  are  almost  always  longer 
than  those  oppotite  to  them.  Wnen  the  atameiu  aie  vi  unequl 
length  in  the  same  flower,  or  in  diflierent  flowen  of  the  wna 
species,  SB  in  the  Primrose,  thej  are  said  to  be  dtmorjiJUc,  snA 
will  be  aft«rwards  alluded  tu  in  spealdug  of  fertilisation. 

When  there  is  a  definite  relation  existuig  between  the  long  ■! 
short  stamens  with  respect  to  number,  certain  namet  are  'W^'^ 
to  indicate  such  forms  of  r^^larity.  Thus  in  the  Wallow 
(jign.  25  and  553),  and  Cruciferous  plants  generally,  there  aieu 
stamenx  to  the  flower,  of  which  four  are  long  and  ami^ed  in 
pairs  ojipouto  to  each  other,  and  alternating  with  two  solitsrf 
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□«  of  Luhra  pantevtaU . 
thi  others  mid  mrt  provided  wtih 
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shorter  ones  ;  to  Buch  an  arrangement  we  apply  the  l«nn  Ictni- 
dynamowi.  When  there  are  but  four  Btamens,  of  which  two  an 
long  and  two  short,  as  in  Labiate  plants  generallf  (jig».  480  and 
482),  and  in  the  Foxglove  {Jig.  554),  and  most  other  Scropho- 
lariaceous  plants,  they  are  said  to  be  didy^iomovt. 

Thb  Pollen. — We  have  already  seen  (page  240),  that  the 
pollen  corresponds  to  the  parenchyma  situated  between  the  epi- 
dermis of  the  upper  and  lower  surfaces  of  the  lamina  of  the  Inf. 
It  has  also  been  statod,  that  the  pollen  was  formed  in  oertain  oelli 
developed  originally  in  the  centre  of  the  parenchyma  of  the 
lobes  of  the  young  anther  {Jig.  516,  cm) ;  ^so  that  these  oetls 
were  encloBed  in  a  special  covering  of  their  own,  cl,  and  that 
in  the  course  of  growth  they  pressed  upon  the  coata  of  th& 
anther,  so  as  to  cause  their  more  or  less  complete  absorption, 
and  finally  assisted  in  promoting  the  dehiscence  of  the  anther 
(page  243).  We  have  now  more  particularly  to  describe  the 
mode  of  formation  and  structure  of  pollen. 

FvrmatioH  of  PoUev-.—lbs  formation  of  pollen  m^  be  de- 
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Mabsd  M  foQowt : — The  Ivge  celli  (^.  6]6,  em),  which. are 
dmIo|Md  in  Uie  psrcnchyma  nf  the  yuung  anther,  and  which 
m  JUitiDBd  forita  formation, ore  called  paretU  or  nuilhtr  cello, 
mi  at  ■orroimded  in  the  earlier  ■!>)(«•  of  develoiiment  b^  a 
■^ibatiuii  of  thin -walled  cella  forming  an  internal  epithelial 
hjm,  (LwhicbhoweTerbecomea  subaequently  preaied  upon  and 
■boM.  Usuallj  these  parent  cellt  remain  connected  to  one 
aothn,  fant  in  some  ijutances,  and  more  especially  in  Mono- 
d^ri'doiKnu  plants,  they  become  isolated  and  float  free  in  a 
■on  or  IcM  Tisdd  material  occupying  the  cavity  of  the  anther. 
it  dsrelopment  proceeds  the  nucleus  of  each  parent  cell  dis- 
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a[^MUa,  and  in  its  place  four  new  nuclei  are  ultimately  formed 
(^.  SCfi,  a).  Then  follows  an  infolding  of  the  jiriniordial 
ntncle,  a,  6,  c,  so  aa  either  to  divide  the  parent  cell  at  unce 
into  four  parts  ;  or  indirectly,  by  first  dividing  it  into  two,  and 
■ubBeqaeutly,  each  of  these  being  again  divided  into  two  others. 
The  four  cells  thus  formed  become  surrounded  by  a  cellulose 
membrane  which  is  in  direct  connection  with  the  cellulose  coat 
of  the  parent  cell ;  these  cells  constitute  what  are  known  as  the 
'special  roother-cells.'  Finally,  each  protoplasmic  mass  of  the 
apodal  mother-cells  separates  from  the  cell-wall  and  secretes 
around  itaelf  a  membrane,  so  that  ultimately  we  hare  four 
perfect  cells,  d,  which  constitute  tbo  true  pollm-cdh,  formed  in 
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Aa  tbeie  pollen-cells  progress  in  development,  and  ii 
size,  they  distend  the  wiU  of  the  parent  cell  imdiiltimatelfcaMS 
its  absorption  ;  and  subsequently,  by  thek  continued  grow^ 
the  walla  of  the  special  mother  cells  are  generally  absorbad  ika, 
by  which  the  pollen-cells  are  set  free  in  the  cells  of  the  authv. 
Sometimes  the  membrane  of  the  special  parent  cells  is  not  «m- 
pletely  absorbtid,  in  whicli  case  the  pollen-oellsof  the  pareatodl 
are  more  or  less  connected,  and  form  a  compound  body  consbl' 
ing  of  four  pollen-cells,  as  in  Feriploca  graca  {jig.  557) ;  or  if  tks 
membranM  of  two  or  more  united  parent  cells  are  also  ineoa- 
pletely  absorbed,  we  may  have  a  mass  consisting  <d  eight  pdkn- 
celts,  as  inlngaaiiomala  {fig.  556) ;  oroEsomemulti^eMfout, 
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as  in  many  species  of  Acacia  {fig-  558).  In  the  0 
pullen-cella  are  loosely  connected  by  long  piBci4  filaments  < 
threads,  which  seem  in  this  case  to  be  wholly  derived  from 
secretion  left  by  the  imperfect  solution  of  the  parent  cells.  1 
the  OrchidaceK,  the  polton-cells  cohere  in  a  remarkable  degn 
and  form  pollen-masses  which  are  commonly  of  a  wasy  nator 
to  which  the  name  of  poUinia  has  been  given  {fig.  559,  p).  ] 
the  Asclepiadaceic  somewhat  similar  inasses  occur  {fig.  560,  \ 
and  b) ;  in  the  latter,  however,  the  whole  surface  of  each  polto) 
mass  is  invested  by  a  special  cellular  covering.  By  a  caraf 
eiamination  of  these  pollinia  we  find  that  thoy  are  formed  > 
compound  masses  agglutinated  together,  and  when  separatei 
each  of  these  maasea  is  found  to  consist  of  four  pollen-oeUs.  1 
the  polliuia  of  the  Orchidaceee  we  also  find  other  peculiarittei 
thus  each  is  prolonged  downwaida  in  Uu&  l>nm  q(  «.  «bslk  calln 
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i^amdideijig.  559,  c),  which  adheres  commonly  at  the  period 
of  dikiMenoe  to  one  or  two  little  glandular  masses  called  retina- 
eiik{fi§i.  561,  a,  and  559,  r,  r),  which  are  placed  on  the  upper 
nrfMS  of  a  little  projection  called  the  rostellnm  situated  at  the 
kiMof  tiie  anther. 

itmetHft  of  the  Pollen, — We  must  now  more  particularly 
dflieribe  the  structure  of  the  pollen-cell,  or  ix)llen-grain  as  it  is 
■on  freqneDtly  called.  We  shall  treat  of  it  under  four  heads, 
m.  :-l.  Its  Wall  or  Coats  ;  2.  Its  Contents  ;  3.  Its  Form  and 
fSm ;  and  4.  Its  Dehiscence. 

L  Wall  or  CoaU  of  the  FoUen-cell. — When  mature  the  wall 
cf  the  pollen-cell  generally  consists  of  two  membranes  ;  an  in- 
tonl  or  intine,  and  an  external  or  extine.  In  rare  cases  tlio 
ovter  eoat  appears  to  consist  of  two,  or  even  three  layers  ;  while 
in  ZoderUf  Zanniehellia,  and  some  other  submersed  aquatic 
pfatnti,  there  is  but  one  membrane,  which  is  of  a  similar  nature 
to  the  intine. 

The  Mine  is  the  drst  formed  layer,  and  appears  to  be  of  the 
■me  nature  and  appearance  in  all  pollen-cells.  It  is  usually 
■Booth,  Tery  delicate,  and  transparent  and  composed  of  pure 
oeUnlose.  It  is  generally  applied  so  as  to  form  a  complete  lining 
to  the  extine,  except  perhaps  in  those  cases  where  the  latter 
pKKnts  various  processes,  as  in  (Enoth^ra,  when  Henfrey  be- 
lievM  tlwt  ike  intine  does  not  extend  into  them  in  the  mature 
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rievnd  from  above. Fig.  666.  Pullen-cull  of  Daclylu  gloinrrtUa.    Alter 

Jofrieo. 


The  extine  is  a  hard  thick  resisting  layer  forming  a  kind  of 
iticle  over  the  intine.  Wliile  the  intine  usually  presents  a 
milar  i^ypearanoe  in  the  pollen  of  different  plants,  the  extine 

liable  to  great  variation  ;  thus  it  is  sometimes  smooth,  at 
Jiers  maric^  with  little  granular  prcxsesses  {Jig.  70),  or  spiny 
Ritaberanoes  (fig.  562),  or  reticulations  {fiif.  b&iy).  The  nature 
I  these  markings  iR  always  the  same  for  the  pollen  of  any  par- 
cnlar  species  of  plant,  but  varies  nmch  in  tliat  of  different 
lanti.  The  extine  is  generally  covered  by  a  viscid  or  oily 
lention,  which  is  commojily  supposed  to  be  derived  from 
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luntter  renukining  from  the  Bolution  or  abaurptiun  of  the  rtlli 
uf  the  parent-calla.  The  colour  of  poUen-colU  alto  reaidei  in  tk 
extine.  In  bf  far  the  inKJoritf  of  ciues  the  poUen-celli  m 
yellow,  but  TariouB  other  coloutm  are  also  occuionally  foand; 
thus  they  are  red  in  apeciea  of  Verbaieum,  blue  in  some  ipMia 
of  BpUobinm,  black  in  the  Tulip,  rarely  green,  and  oceaaionillf 
of  a  whitish  tint. 

Besides  the  variouB  miirkings  just  described  as  existing  on  tbe 
eitine,  we  find  also  either  ptirex  [Jig.  566),  or  AUt  ifigi.  663,/, 
and  564,/),  or  both  pores  and  slits,  and  which  vary  in  nmnMr 
and  arrangement  in  different  plants.  At  the  spot*  whara  thus 
slits  or  pores  are  found,  it  is  generally  considered  that  the  axtiat 
is  absent ;  but  some  botanists  believe  that  the  onter  nwmlHH* 
always  exists,  but  that  it  is  much  thinner  at  theae  points  tliu 
elsewhere.  In  the  greater  number  of  Monocotyledons  then  ■ 
but  one  slit ;  while  Uiree  is  a  common  number  in  Diootyledcei. 
Sometimes  there  are  six,  rarely  four,  still  more  rarely  two,  ud 
in  Rome  cases  we  find  twelve  or  more  slits.  Theae  alita  are  gH)«- 
rally  straight  (Jig.  563,  /),  but  in  Mimidua  motehatut  they  sn 
curved  ;  and  other  still  more  complex  arrangement*  ocoaaioiislly 
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The  pores,  like  the  slits,  also  vary  as  to  their  number.  Thu 
we  commonly  find  one  in  Monocotyledons,  as  in  the  Qratfea ; 
and  three  in  Dicotyledons.  Somotimes  again  the  porea  areven 
numerous,  in  which  case  they  are  either  irregularly  diatribntet^ 
or  arranged  in  a  more  or  less  regular  manner.  The  pore*,  alio, 
may  bu  either  simple,  or  provided  with  little  lid-like  proceaaea,  as 
in  the  Fasaion-dower  (Jig.  566,  o,  o,  o),  and  G«md  (jig.  (W7). 
These  pruceHses  (Jig.  567,  «,  o)  are  pushed  off  by  coireapondiiig 
projections  uf  the  intine,  t,  t,  when  the  pollen  butata,  or  wban 
)t  falls  upon  the  atigma  for  the  purpose  of  fertilising  the  ovules ; 
hence  such  pullen-cells  have  been  termed  opercvlaU. 

The  pollen  of  all  Angiospermous  plants  is  a  simple  e«ll  at 
Above  deacribed,   but  in   Ojmnoapermoaa  planU   tiie  poUeo 
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n  not  4  rimple  cell,  but  it  contains  other  small  cells,  which 
adhen  to  the  ixuude  of  its  internal  membrane  close  to  the  i)oint 
vkn  the  external  membrane  presents  a  slit.  (See  *  Reproduc- 
tioo of  Qjrmnospennia,' in  Physiological  Botany.) 

2.  Contewts  of  the  FtAUn-cdU,  or  the  Fonilla. — The  matter  con- 

tuMd  within  the  coat  or  coats  of  the  pollen-cell  is  called  the 

/wiHii.    This  consists  of  a  dense,  coarsely-granular  protoplasm, 

in  which  are  susi»ended  very  Bmall  starch  granules,  and  what 

ippMT  to  be  oil  globules.     As  the  pollen-cell  approaches  to 

wtUaitj,  the  fovilm  becomes  more  concentrated,  and  contains 

Im  floid  matter  and  more  granules.     Some  of  theHe  granules 

mnot  more  than  about  jo^os  of  an  inch  in  diameter,  while  the 

higBit  are  about  ^^l^,^  or  ^^^^^  of  an  inch.     They  vary  also  in 

fom,  some  being  spherical,  others  oblong,  ancl  others  more 

or  \m  cylindrical  with  somewhat  tapering  extremities.     When 

*iter  ii  applied  to  the  granular  contents  they  become  opa<^^iue. 

Wien  viewed  nnder  a  high  magnifying  i)ower,  the  starch  granulen 

St  certain  periods  (especially  at  the  period  of  the  dehiscence  of 

^  pollen)  exhibit  a  very  active  tremulous  motion,  moving  to 

*Qd  fro  in  various  directions  and  ajipearing  as  if  re])ellcd  by 

c*ch  other.     This  is  simply  molecular  motion,  analogous  to  that 

^lU  other  very  minute  particles  when  suspended  in  a  liquid. 

^e  forilla  is  without  doubt  the  essential  part  of  the  i)oUen-cell, 

^Ut  the  office  it  performs  will  be  explained  hereafter. 

3w  Form  attd  Size  of  the  Pollen-cell. — Pollen-cells  are  found 
^f  varioiu  forms.     The  most  common  fonns  appear  to  be  the 
spherical  (Afs.  70  and  562),  and  oval  {Juj.  503) ;  in  other  cases 
^hey  axe  polyhedral,  as  in  Chicory  and  S(nhchv»  /xc/uw/rM,  or 
tiiuigalar  with  the  angles  rounded  and  enlarged  (trigonal),  as 
n  the  Evening  Primrose  and  plants  generally  of  the  order 
>iiagraceflB  (fig.  5C8),  or  cubical  as  in  Biim'lla  allni,  cr  cylindrical 
ta  in  Traducantia  virginica,  while  in  Zontera  they  are  thread- 
ike  or  of  the  form  of  a  lengthened  tube  or  cylinder,  and  other 
'orms  also  occur.     It  should  also  be  noticed  that  the  form  of 
ihe  pollen  is  materially  influenced  according  as  it  is  dry  or  moist. 
rhua  the  pollen-cells  of  the  Purple  Loosestrife  and  some  species 
yf  Paaaion-flower  are  oval  when  dry,  but  when  placed  in  water 
they  swell  and  become  nearly  globular  :  this  arises  from  osmotic 
iction  taking  place  between  the  thickened  fovilla  rnd  the  water, 
by  which  some  of  the  latter  is  absorbed,  and  the  pollen-cells 
oonaequently  distended.     Again,  when  8])herical  polkn-cells  are 
exposed  to  the  air  for  some  time  they  frequently  assume  a  more 
or  less  oval  form.     In  size,  pollen-colls  vary  from  about  ^Ju  to 
]obo  ^  ^^  ^^^^  ^  diameter ;  their  size,  however,  like  their  form, 
u  u&ble  to  vary  according  as  they  are  examined  in  a  dry  state 
or  in  water. 

4.  Dehiscence  of  the  Fatten . — We  have  already  stated  that 
when  the  pollen-cells  are  placed  in  water  they  become  distended 
in  conaeQuence  o/  oemotic  action  taking  place  between  tVieis 
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thickened  content*  and  th«  snrrounding  fluid.  If  thii  Mtionla 
continued  by  allowi&K  the  poUen-cells  to  remain  in  the  liqm^ 
thej  miut  neceaaarilj  bunt  at  some  point  or  other,  and  un 
their  contents  to  eacape.  Under  tbeee  circumatuwaa,  m  At 
intine  ia  very  extensible,  while  the  eituie  ii  finn  aadrwairtirn,  il 
will  be  found  that  the  former  will  form  little  projections  throui 
the  pores  or  slitB  of  the  latt«r,  so  aa  to  produce  little  bliiteT'lui 
BweUings  on  its  aurface  (fig.  569).  Ultimately,  howeTN-,  u  ik 
sorption  of  fluid  by  endosniose  atill  goes  on,  the  intine  will  itiiU 
burst  and  discharge  the  contents  of  the  pollen-cell  in  thefom 
of  B  jet  (fig.  569).  Thetrn  changes  will  take  place  more  npHj 
if  a  little  sulphuric  <»'  nitric  acid  be  first  added  to  the  water. 
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mrnti  iw^^u.  titg.  Stl^rnK,  on  wbli^  two  poUenKvlls  hftTF  fjdlm.  eacb  of 
vhlch  is  prorldnl  wltb  t  poUm-tube,  fp,  wfalcb  piircn  the  tlMi*  tt  lb 
style,  B^l. 

When  the  pollen  is  thrown  upon  the  stigma  in  the  proce 
of  pollination  (fi^-  571,  ttig),  the  above  described  action  b 
comes  inalerially  modified.  In  this  case  the  pollen-cell  d» 
not  buret,  but  it«  intine  protrudes  through  one  or  more  oi  tl 
pnres  or  slits  of  the  eztine  in  the  form  of  a  delicate  tube  (jj 
^71]  *P)j  filled  with  the  fovilla,  and  called  the  poKen-(i(6c 
this  penetrates,  as  will  be  afterwards  described,  throitgh  t) 
tissue  of  the  stigma  (and  style  (Jig.  571,  ilvO  also,  wkt 
this  is  present^,  to  the  placenta  and  ovules.  Tlus  tube  i»  b 
quently  some  inchea  in  length,  and  its  formation  is  not  due, 
waa  formerly  supposed,  to  osmotic  action,  but  a  true  growt 
caused  by  the  nourishment  it  derives  from  the  stigma  and  oo 
ducting  tiaaue  of  the  style  in  its  passage  downwards  to  the  i 
terior  of  the  nvaiy.     (^  page  263.) 

Profewor  Duncan  tiaa  proved  that  tlie  pollen-tube  ia  n 
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(in  all  cases  at  least),  as  formerly  suppoHcd,  a  continuous  tube, 
tbt  is,  haTing  but  una  cavity  ;  but  that  in  Tu/ridia  conchijiora 
aad  aQ  other  MonoootyledoiiB  which  he  has  examined  with  long 
itylei,  'transTerse  inflectionB  of  the  tubular  cell- wall  of  the 
poQen-tube  exist  every  now  and  then  ; '  so  that  then  *  the  pollen- 
tube  is  really  a  tube  formed  by  elongated  cells.'  In  Dicoty- 
ledoDi,  however,  the  pollen-tube  appears  to  be  in  all  cases  uni- 
odhlar,  and,  therefore,  to  have  one  continuoiu)  cavity. 


2.  THE   DISK. 

The  application  of  the  term  disk  is  variously  undentood  by 

boiiniits :  thnt,  by  some  it  is  used  as  nynonymoua  with  thaUimtis, 

ncepUule,  or  torus ;  by  others,  it  is  understood  to  include  all 

ibnonnal  or  irregular  bodies  of  whatever  form  or  character 

vioch  are  situated  on  the  thalamus  between  the  andruecium  and 

^'  I     fiyiMeciam  ;   by  others,  again,  it  is  defined  as  that  part  of  the 

tbalamns  which  is  situated  between  the  calyx  and  the  gTn<K- 

oom,  and  which  forms  a  support  Ui  the  corolla  and  andrrucium  ; 

vhOe  others,  again,  define  the  disk  tm  the  portion  of  the  thala- 

Bnia  situated  between  the  calyx  and  gyncecium,  when  that  i>art 

Mtomes  an  enlarged  or  irregular  appearance  ;  and  Ustly,  the 

^utm  disk  is  understood  to  include  all  Ixnlies  of  whatever  form 

vkich  are  situated  on  the  thalamus  between  the  calyx  and 

gn^ct^inm,  or  upon  or  in  connection  with  either  of  these  organs, 

Kit  which  cannot  be  properly  referred  to  them.     It  is  applied 

m  the  latter  sense  in  this  volume. 

Although  the  disk  is  not  an  essential  organ  of  the  flower,  it  is 
best  treated  of  in  this  place,  as  it  is  most  commonly  placed  be- 
tween the  androecium  and  gynrecium,  and  therefore  c<.>ines  next 
in  order  as  we  proceed  with  our  examination  of  the  ptirts  of  the 
flower.     The  disk  seems,  in  many  cases  at  least,  to  be  merely  a 
modification  of  the  andrcecium  ;   this   appeal's   to   be   pn»ved 
not  only  from  its  jtarts  occasionally  alternating  with  the  stamens, 
as  in  Gistieraf  but  also  from  the  circuniHtance  of  ]>ortion8  of  it 
when  highly  developed  becoming  occasionally  changed  into  tiiem. 
It  is  frequently  of  a  nectariferous  nature,  and  hence  was  treated 
of  by  Linnseus  and  many  succeeding  botaniHts  under  the  head 
of  Nectaries.      We  have  already  referred  to  nectaries  under 
Glands  (pnse  67)  and  Ck)rolla  (page  232). 

The  disk  is  developed  in  a  variety  of  forms  ;  thus,  in  the 
Orange  and  Rue  (Jig.  573),  it  forms  a  fleshy  ring  Hurrounding 
the  b«se  of  the  pistil ;  in  the  Tree  Pan^ny  {Jig.  674),  it  occurs 
as  a  dark  red  cup-shaped  expansion  covering  nearly  the  whole 
of  the  pistil  except  the  stigmas ;  in  the  Rose  and  Cherry  {fg, 
539),  it  forms  a  sort  of  waxy  lining  to  the  tube  of  the  calyx  ; 
and  in  Umbelliferous  plants,  the  disk  constitutes  a  swelling  on 
the  top  of  the  ovaries  adhering  to  the  styles  {Jig.  572,  d) ;  this 

8 


2U  UODIFICATIONS  OF  THE   DISK. 

latter  fonn  of  diak  has  been  termed  thn  dytopocUttm.    In  otlMr 
the  disk  is  reduced  to  litlle  Reparate  glMidular  IwdiM, « 


in  Cruciferoiu  Plants  {Jig.  26,  gl) 

crop  (Jig.  575),  and  Vine  (Jig.  513)  ;  or  to 

panHJona,  as  in  the  Columbine. 


>■  in  the  StoM- 
a  petalwdBt 


>rc1aKrt«d. 


When  the  disk  is  aituated  under  the  ovary,  aa  in  the  Onagt 
and  Rue  (Jig.  573),  it  is  tenned  hypogywnta  ;  when  it  is  attadwl 
to  the  calyx,  as  in  the  Sobq  and  Cherry  (jig.  6&9),  it  is  per^yHow ; 


(ir  when  on  the  summit  of  the  ovary,  as  in  UmbelliCerooa  p 
{Jig.  572,  (0,  fptgiftwru  ;  these  terms  being  used  in  the  i 
already  described  when  treating  of  the  insertion  of  the  atw 
undur  the  head  of  the  Andrtecium. 


3.  THE  aVNlECll'M  OB  PISnL. 

tVe  now  arrive  at  the  consideration  of  the  last  rargan  of  tl 
er.  namely,  the  gynceciuta  or  feineAeayttani.  The  g; 
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Fio.  578. 


I  M  it  it  frequently  caUed,  occupies  the  centre  of 
w,  the  androecium  and  florsJ  en- 
bamg  arranged  around  it  when  Fio.  576. 
«  preaent  (flg,  25) ;  the  floral 
»  alone  in  the  ordinary  pistillate 
or  it  standi  alone  when  the  flower 
3a«e  and  naked  (fig.  34).  The 
m  consists  of  one  or  more 
I  laaTes  called  carpels  which  are 
istinct  from  each  other,  as  in  the 
ip  (fig.  575^ ;  or  combined  into  one 
I  in  the  Primrose  (fig.  576)  and 
(fig.  578).  When  there  is  but 
Nl  as  in  the  Pea  (j^^.  598)  and 

a.  577),  the  pistil  is  said  to  be 
en  there  is  more  than  one,  as  in  Fig.  5Z7« 
Bcrop  (fig.  575),  Tobacco  (fig.  578), 
nroae  (fig.  576),  it  is  compo^ind. 
HTooeeding  to  examine  the  gynoe- 
pistil  generally,  it  is  necessary 
be  the  parts,  nature,  and  structiu'e 
■pelf  of  one  or  more  of  which  organs 
posed. 

Oaspil. — This  name  is  derived 
Qieek  word  signifying  the  fruit, 
khe  pistil  forms,  as  will  be  after- 
plained,  the  essential  part  of  that 
Badi  carpel,  as  we  have  already 
(page  19),  consists,  1st,  of  a  hol- 
nor  part  arising  ^m  the  thala- 
lled  the  ovary  (fig.  579,  o),  con- 
in  its  interior  one  or  more  little 
;  or  oval  bodies  called  ovules,  ov, 
ch  are  attached  to  a  projection 
alls  termed  the  placenta,  p.  2nd, 
na  or  space  of  variable  size,  com- 
lax  cellular  tissue  without  epider- 
B  stigma  is  either  placed  directly  on 
Y,  in  which  case  it  is  said  to  be  ses- 
D  the  Barberry  (fig.  579,  st) ;  or  it 
)d  on  a  stalk  prolonged  from  the 
ailed  the  style,  as  in  the  Brooui 
,  $).  The  only  essential  parts  of  the  carpel,  therefore, 
vary  and  stigma,  the  style  being  no  more  necessary  to  it 
filament  is  to  the  stamen.  The  terms  ovary,  style,  and 
re  applied  in  precisely  the  same  sense  when  speaking  of 
ind  pistil  in  which  the  parts  are  completely  united  (figs. 
and  578),  as  with  the  simple  carpel.  The  simple  ovary 
I)  has  two  aaturoB,  one  of  which  correspondB  to  t\iQ 


Fiij.  576.  PUtil  of  Prim- 
rune  {Primula  vttlgarU), 
oi>mpoged  of  ■everal 
nnitod  carpnlt,  and 
henoe  termed  com- 
poand  and  syncarpoufi. 
Then*  iji  but  one  stylo 
nirmountfd  by  a  capi- 

tnte  otifona.  Fig. 

577.  Simple  pintU  of 
Bnx>m.     o.   Ovary.    $, 

Style,     t.    StiRma. 

Fio.  87H.  Coniponnd 
pistil  of  Tobacco  {Ni- 
cotiana  Tabncum).  t. 
Thalamus.  o.  Orary. 
».  Style.  g.  Capitate 
stignia. 


I 
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Cb*  Bubory  (Brrtrrii  tsl^Hi). 
nuJpgUL    e.Qnrj.  tt.Onim 

went*,  p.    n.  Emu*  lUgmi. 

nr  or  the  Fmnr  IPatmla).   A. 


plant ;  and  tuiother,  which  corresponcU  to  the  midrib  of  At 
lamina,  is  directed  towards  the  floral  enrelopes  or  to  the  <U- 
cumference  of  the  flower ;  the  formet  ia  called  the  ventral  mtMt 
{Jig.  5B0,  vg),  the  latter  the  dortcU.dt.     (See  alao  page  293.) 

Mature  of  the  Carpel. — That  the  cartel  iji  analoKOiu  to  tin 
leaf  if  proved  in  Tarious  wbjb,  some  of  which  will  be  mm 

Srticularlj  mentioned  hereafter,  when  treating  of  the  Oemoll 
orpholog7  of  the  Flower  ;  we  shall  here  onlj  allude  to  llw 
proofs  of  its  nature  which  are  afforded  by  the  appeanuMe  it 
sometimea  presents  in  double  or  cultivated  flowen  ;  and  by  tn- 
cing  it«  development.  Thus ,  in  a  donble  flower  of  the  Cheicy  tha 
carpels  do  not  present  a  distinct  ovaiy,  style,  and  etigma,  aa  ii 
the  normal  condition  of  the  solitary  carpel  in  the  sin^e  flower 
(Jig.  684) ;  but  they  either  become  flattened  into  green  expH- 
■ions,  each  of  which  resemblaa  the  blade  of  a  leaf  (fig.  681),  or 
into  organs  intermediate  in  their  nature  between  cupeli  aud 
leaves  as  represented  by  the  figures  582  and  583.  Here  tbs 
lower  portion  (fig.  683,  ()•  representing  the  blade  of  the  Iwf, 
is  dearly  analogous  to  the  ovsi;  of  a  complete  carpel,  ami  tbe 
proloi^ed  jportion,  t,  to  the  style  and  stigma.  The  carpel  ot 
the  HJngle-flowering  Cherry  being  thus  convertible  into  a  leaf, 
aflbrda  at  once  conclusive  evidence  of  its  being  an  analogous 
structure. 

A  aeamd  proof  of  the  nature  of  the  carpels  is  afforded  hj 
tracing  their  development.  Thus  when  first  examined  they  ap- 
pear on  the  thalamus  as  little  slightly  concave  bodies  of  a  green 
colour  like  young  leaves  (fig.  685,  car),  in  a  short  time  they  In- 
come more  and  more  concave  ^Jig.  5SA'),  vul  ultimately  the  two 
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■upni  cf  the  ocncftTit;  in  each  xtnlte  (fig.  687),  and  thus  fonn 
aUkiv portion  or  OY»ry,  in  which  the  ovule*  aoon  make  their 
^ipiuUMe.  This  gradual  tmuition  of  little  leafj  orgaiu  intti 
cwp^  may  be  well  seen  in  the  Flowering  Rush. 


L  CamOmrj  Imnt  trom  the  donUe  tainm  of  tb«  Chnrjr-tm. 
I  '—"*"*  p.  VldrlB.  (.  Prolnngad  punlan  oarmponiUng  to  the  stTls 
■Ml  mgam  of  %  vaUeUj  bmned  cupFL— n^.Mt.  Cupel  from  ib« 
■Ib^  Bovn  of  tbe  Ghcnj.    o.  Onrj.    <■  B^le.    •-  Btlfma. 

W«  baTe  thoa  in  the  first  place  ahown  that  carpels  become 
Mmetimea  changed  into  leaves  in  the  flowers  of  cultivated 
planta  ;  and  secondly,  that  they  make  their  first  appearance  in 

Pio.  £85.  Fiii.  &B6.  Fio.  SNT. 


ibe  tana  of  little  organs  resembling  leaves  ;  and  in  both  ways, 
bheidore,  we  have  proofs  afibrded  us  ot  their  leaf-like  nature. 

aitvttwre  ofOie  C^trpd.— The  ovary  being  the  homologue  of 
OieMMdffaf  the  leaf,  itpreaeats,  as  might  bAve  been  ex.pe<Ae&, 
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an  analogous  structure.  Thus  it  consists  of  parenchyma,  \r]iie}i 
is  often  much  developed,  and  through  which  the  vascular  bundlo« 
composed  of  spiral  and  other  vessels  ramify,  and  either  converpe. 
towards  the  base  of  the  style,  or  terminate  at  the  upper  part  of 

the  ovary  when  the  style  is  abieiit^ 
Fig.  588.  The  whole  is  covered  eztemally  bj  m 

layer  of  epidermis  {Jig,  588,  ep).  Tke 
parenchyma  is  usually  of  a  more  buc 
nature  as  we  proceed  towards  the  in* 
side  of  the  ovary,  where  it  fonni  m 
very  delicate  linmg,  end,  which  is 
called  by  Schleiden,  who  regardiitas 
a  modified  form  of  epidermis,  epitibe- 
liwm ;  this  term  is  not  however  in 


tc.  St>le  witli  a 
canal  in  iU  cen- 
tre,   it,  Stipna. 


Fig.i»^  Vertical 
section  of  the 
carpel  of  the  Ap- 
ricot, or.  Ovnle. 
which  is  enclosed 
in  an  ovary,  ep, 
EpidenniA,  funn- 
ing the  external 
coatof  the  ovary.  ,  v    u  x      •  x         mu-    • 

me.  Middle  layer,    general  use  by  botanists.     This  inner 
end.  Inner  coat.    Qning  corresponds  to  the  epidermis  of 

the  upper  surface  of  the  lamina  of  the 
leaf,  and  being  developed  under  the 
absence  of  light,  it  has  usually  a  pale 
colour,  and  is  devoid  of  stomata.  The 
epidermis  on  the  outside  of  the  ovtiy 
corresx>onds  to  that  of  the  lower  surface  of  the  lamina,  and  like 
it  is  frequently  clothed  with  stomata,  and  sometimes  with  hiiEL 
The  parenchyma,  me,  between  the  inner  lining  of  the  ovary  and 
epidermis,  corresponds  to  the  general  parenchyma  of  the  lamina, 
which  is  similarly  placed.     Where  the  margins  of  the  Immina  of 
the  carpellary  loaf  meet  and  unite  at  the  ventral  suture  {fig.  5^, 
xs),  a  layer  of  parenchymatous  tissue  is  developed,  which  fonni 
a  more  or  less  projecting  line  in  the  cavity  of  the  ovaiy,  called 
the  placenta  {fig.  570,  p),  to  which  the  ovule  or  ovidea  are 
attached  {fijg.  6:?3,  i>/).     This  placenta  is  essentially  doable,  the 
two  halves  being  developed  &om  the  two  contiguous  mai'gins 
of  the  lamina  of  the  carpellary  leaf. 

The  style  has  been  considered  by  some  botanists  aa  a  pro- 
longation of  the  midrib  of  the  lamina  {fig.  583,  p,  s),  but  nom 
the  arrangement  of  its  tissue  it  is  to  be  regarded  rather  aa  a  pro- 
longation of  its  apex,  the  margins  of  which  have  heem  roiled 
inwards  and  united.  It  consists  of  a  cylindrical  process  of 
parenchyma,  traversed  by  distinct  bundles  of  vascular  tissue, 
which  are  arranged  so  as  to  form  a  sort  of  sheath  at  its  drenm- 
ference  {fig.  500,  v^  r,  v).  These  bundles  are  a  continuation  of 
those  of  tbe  ovary,  and  proceed  upwards  without  branchiog  to- 
wards the  apex  of  the  style,  but  always  terminate  below  that 
point.  The  style  is  invested  by  epidermis  continuous  with  that 
of  the  ovary,  and  furnished  occasionally,  like  it,  with  stomata 
and  hairs. 

Upon  making  a  transverse  {fig,  590),  or  vertical  section  {fig. 

588),  of  the  style,  we  find  it  is  not  a  solid  body  as  we  might 

hare  supposed,  but  that  it  \a  Itvfenrae^  V^  «k^«rs  xAstom  canal 
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(j^  CBS,  te,  uul  690,  ;>),  which  communicatM  below  vith  thi- 
mt/ot  the  oytxy,  uid  above  vitli  the  HtigDia.  Tliia  canal  in 
Hthartlwaji  entirel;  op«n,  ur  more  or  leu  obatructod,  m  in 
ftchid*  ifig.  689,  ran),  or  aomewhst  tilled  up  by  &  nnuibeT  of 
nnomlf  formed  very  loosely  aggregated  celli  (fig',  b'il,  ji,  p, 
udSM,  p).  The  walli  of  the  canal  hIui,  in  all  caaeH,  nrefnnuud 
i<«lo(«e  p«pilloBe  parenchyma {^.  501,  <-,  <■).  Thia  canal  may 
h  croudered  aa  a  prolongation  of  the  cavity  of  the  ovoiy,  in  an 
iqmtd  direction,  conaequently  the  lo*Me  tisane  by  which  it  ia 
■mnMUided  i«  to  be  regarded  aa  curreaponding  to  the  epidermia 
li  the  upper  surface  of  the  lamina  of  the  leaf,  merely  inudilied 
to  adapt  itself  to  the  peculiar  conditions  under  which  it  is  placed. 


Fig.  fl9t. 


SpipanU  InU/iJin.    a,  lim^  ci(  i)i- 

li«iUM>H(in»tnthi;lol<-Hurui  Ibfiirur.  yrijni MiHilni. 

Tmanne  •ocCJon«f  Uw  Mylvof  tlia  Ctuitd  Imp-rial  <  FHtir«n« 
[■).  P.  Cuulln  lU  «ntn  llnnl  b; prujrctliiK  |>>l>ill*-.  r.r.r. 
'biiiidl«ainv>pandln(ilo(hi-tlini>i>(i1cani  wlikdi  tblinqupiniTiil 
.     „ >_.j__ pig.wi.  Bfcil.ni  rimirlwi  Ml-  -* — 


tan  of  (he  «mI  uf  Uir  Htyk  In 
dijib&tciuii  cell*  forming  tin  walls  t 

Vtrinudr  formnl  li '■■ '*"'  ' 

wUcb  wltll  tha  tan 


kii'tmeA  by  ppfjul  Taw 
■IK   /,/.  Klminit-I  0 


When  the  carpel  is  fully  maturttd,  that  ia.  at  the  period  n-hen  it 
i>  adapted  for  receivinif  tlie  influence  of  the  polluii,  the  canal  of 
the  style  becomes  further  obstructed  by  a  number  of  lengthened 
filiform  cells  {fig.  591,/,/),  which  have  been  sonietiiiies  con- 
founded with  pcllen-tubes,  but  from  which  they  are  readily  dis- 
tinguished by  being  twice  or  thrice  their  diameter.  At  the 
penod  of  fertiliaation,  these  cells,  aa  well  n^  those  of  the  stigma, 
and  canal  of  the  style  generally,  secrete  a  peculiar  viscid  fluid 
containing  gnm  or  sugar,  or  both,  which  is  called  tlie  stigmatic 
fluid.  The  loose  papilloee  paretichyma  which  thus  linen  the 
etiutJ  of  th«  *tyl«.  With  the  filamentous  elong&ted  <«\U  v^uf^  ^ 


■j:i  ,-ri;ri  n  Ri;  ov  the  rATirrr.. — tkf.  ,<th;ma. 

are  develciped  in  it  at  the  period  of  fertiliBStiou,  and  the  le- 
creted  fluid,  t<^ether  form  a  very  Ioom  humid  tiiMie,  to  vhidi 
the  name  of  conducting  tittae  hsa  been  ^ven,  bec*UM  from  it> 
toownud  nature  uid  nouTuhiiig  propertiefl  it  serre*  to  condnet 
(u  it  were)  the  pollen-tubes  (page  S66)  down  the  rtylei  to  thn 
placenta  and  ovulea,  as  will  be  explained  hereafter. 

The  Siigma. — The  tiuue  of  the  stigma  ii  Mulogons  to  ttat 
found  in  the  interior  of  the  Rtyle,  and  jiwt  describftd  uudor  tba 
name  of  conducting  tiuue  ;  in  fact,  it  aeems  to  be  nothingmote 
thaii  an  expaniion  of  this  tiuue  externally.     It  may  be  eitlicr 


Fio.  .Wi. 


,    F[...  5W,        Flo,  695. 


Fio.  S9S. 


portlnB  nt  the  fdrtS  of  Osptur  Imirma.  f.  Snminlt  of  Ow 
V...,,.  .,  Btjflt  Unnintttd  bj  ■  itlgmt,  f.  1.  A  pnrtlan  of  the  Mg^ 
highly  nii«nin«i.  ihNwiiig  Its  paplllm  nitnrf.— /»».  tM.  A  pn^ta  tl 
the  plltll  ot  Ptnnlago  tainmil.  e.  Bnminit  of  thf  gTity.  I.  etfla.  (,& 
Bllatcrml  ttljnnL    The  ■bovB  fl^rs  ut  trrtra  JnvItiL Ptg.  Wi,  FMQ 


on  one  wde  of  the  style  (&».  595  and  5W),  or  at  ita  wpex 
(/i<f.  092),  or  on  both  sidcR  (Jig.  593),  the  pontion  depending 
upon  the  point  or  poinla  where  the  canal  termuiat«B.  Ite  tiwaeis 
usually  elongated  into  papillte  {fg.  592,  2),  hair-like  {fig.  5M,  i), 
or  feathery  procemei  {fig.  5%) ;  or  in  lorae  caaea  it  i»  smootlier 
and  more  compact  It  ia  never  covered  by  epidermia.  9j 
ni««i»  of  the  correaponding  conductint[  tiafmeot  the  at^le  it  n 
)B  direct  continuity  with  the  plwwnia.  A.t  th«  neriod  (rf  fertili- 
Bation,  M  juat  noticed,  it  \)«com«a  mowtautA  Vi^  k-raM&fsElL 
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vM  lenders  the  surface  more  or  less  stiokj,  and  thus  admir- 
aU^  ad^ited  to  retain  the  pollen,  which  is  thrown  upon  it  in 
Tmom  ways  in  the  process  of  pollination. 

Thb  GTirosciuii. — Having  now  described  the  parts,  nature, 
nd  ftroctiire  of  the  carpel,  we  are  in  a  position  to  examine  in  a 
coB|irehensiTe  manner  the  gynoecium  or  pistil  generaUy,  which 
kjDids  np  of  one  or  more  of  such  carpels. 

When  the  gynoocium  is  formed  of  but  one  carpel,  as  in  the 
^nm  {fig,  b77)  and  Pea  (Jig.  598),  it  is  caUed  simple,  and  the 
tnm  gyncecium  or  pistil  and  carpel  are  synonymous  ;  when 
there  is  more  than  one  carpel,  the  pistil  or  gynoecium  is  called 
tmjmnd  (figs,  675  and  576). 

In  a  componnd  pistil  or  gynoecium  the  carpels  may  be  either 


Fkj.  697. 


Fig.  698. 


/Vj/.  697.  Pistil  of  Dianfkut  CatfophpUtis 
on  a  stalk,  g^  called  the  fr>'Dopbore, 
below  which  is  the  peduncle.  (.)n  the 
top  of  the  ovary  are  two  stylem  the 
face  of  each  of  which  ia  traveraed  by 
a  continaons  stigmatio  surface.—— 
Fig.  S98.  Pistil  of  Lathfrtts.  o.  OTary. 
r.  Persistent  calyx.  On  the  top  of 
the  ovary  is  the  style,  and  stigma, 
stig. 


separate  from  each  other,  as  in  the  Stonecrop  (fig,  575),  and 
Fheasant's-€^e  (fig,  602) ;  or  united  into  one  body,  as  in  the 
Primrose  (fig,  576),  Carnation  (fig,  597),  and  Tobacco  (fig,  578)  : 
in  the  former  case,  the  pistil  is  said  to  be  apocarpmts  or  dialy- 
carpouSf  in  the  latter  syncarpoua. 

When  the  pistil  is  apocarpous,  the  number  of  carpels  of 
which  it  is  composed  is  indicated  by  a  Greek  numeral  prefixed 
to  the  termination  gyniay  which  means  woman  or  female,  in  re- 
ference to  the  function  it  performs  in  the  process  of  fertilisation  ; 
and  the  flower  receives  corresponding  names  accordingly.  In  a 
micarpous  pistil,  the  number  of  the  styles,  or  of  the  stigmas  if 
the  styles  are  absent,  is  also  defined  in  a  similar  way.  Thus,  a 
flower  with  one  carpel,  style,  or  stigma  is  monogynmiSf  with  two 
diff^fmnUf  with  three  trigynmis,  and  so  on.  These  terms  will  be 
more  ptartieahuriy  referred  to  when  we  treat  of  the  liimSKttli 


Syiteoi  of  ClfMsitication,  as  moat  of  the  Orden  of  that  amnge- 
inent  are  determined  by  the  number  of  carpel*,  rtylo,  or 
Btigniaa,  in  the  flower. 

1.  Apocarjiout  Fi4flil. — An  apocarpooa  piatil  may  coaut  cf 
two  or  more  carpels,  and  the;  are  Tarioiuly  amnged  aceordiiii^. 
Thui,  when  there  are  but  two,  thej  are  alw^Ta  placed  oppcato 
to  each  other ;  when  there  ore  more  thftn  two.  Mid  the  mmUr 
coincideK  with  the  aepals  or  petals,  they  are  oppodte  or  iltenHto 
with  them  ;  it  is  rare,  however,  to  find  the  carpels  oonennn^ 
ing  in  number  to  the  sepals  or  petals,  they  are  generally  unr, 
or  more  numerous.  The  carpels  may  be  either  arranged  inea* 
whorl,  as  in  the  Stonacrop  {fig.  675) ;  or  in  aevml  wkdi 


Fio.  S«9, 


Fio.G 


Fin. 601 


CTOf  theTnliptm ILirtoiHUnm  tuHwUny 
'--■cj^UiHlrtaiJ.  r.cCupelL  r.c.  Stum. 
f  c)ieatiKwbnT7.  Tbe  UulisiDiliDiail; 
Dber  o(  Krumla  cupeli  cm  Ita  uKurpv 
l»  ripe  piRU  of  tlu  Biipbany,  (bDirtiic  tin 


alternating  with  each  other,  and  then  either  at  about  the  t"* 
lerel,  or,  ac  is  more  generally  the  case,  at  difiinant  heifhta  npoD 
the  thuamuB  so  aa  to  form  a  more  or  toss  nan] 
'  arrangeroeut.     When  an  apocaipous  piatil  is  Uum 

found  with  aeveral  rows  or  carpels,  the  th«IsmiH, 
instead  of  fonning  a  nearly  flattened  top,  as  is 
usually  the  case  when  the  number  of  cupels  ii 
small,  frequently  assumes  other  shapes  ;  t£ns,  in 
the  ISaoTvilia  and  Tulip-tree,  it  becomes  cylin- 
drioal  (jig.  599)  ;  in  the  Raapberry  (fia.  601,  1), 
and  iJanuiiciJuj  {fig.  637),  conical  ;  in  the  Straw- 
berry {fig.  600),  hemispherical ;  while  in  the  Ross 
{fig.  4jO,  r,  r),  it  becomes  hollowed  out  like  a  cap, 
Fw  nM  Ann-  °^  *'™'  ""^  *""*  "^^  carpels  arranged  upon  its  inner 
nrpon'i  pbitii  surface.  These  modifications  of  the  tnal&miu,  to- 
cpf  Phtanani't-  gether  with  some  others,  will  be  more  particulsriy 
ve  l-i-biHU).    referred  to  heiMiUi  uniw  ft»ft^u»»i  tA'CWanun. 


sY^(■AII^nI:s  nsTir..  ^n: 

lliw  Tuying  conditiiina  nf  tlie  thalniiiuii  necctHtirily  lead  to 
cvmnoDdinK  slurotions  m  the  mutual  relation  nf  the  differ- 
«Bt  whoris  of  cupels  whict  compose  an  apocarpoui  pistil,  and 
aoliSf  vary  materiallj  the  appearance  uf  different  flowen. 

1  Smemyoat  PittU. — We  have  already  Been  in  speaking  of 
tk  flonl  enrelopea  and  andrcedum,  that  the  different  parts  of 
rtitfa  thcae  whorls  are  respectivelj  composed  maj  be  distinct 
bom  BKh  other,  or  more  or  less  uniwd.  From  the  position  of 
IIh  ctipela  with  reapect  to  each  other,  and  from  their  nature, 
ihtjm  mors  frequentlj  united  than  any  other  parta  of  the 
lover.  This  union  may  take  place  either  partially,  or  entirely, 
nditiiiay  commence  at  the  luinmit,  or  at  the  baseof  the  carpeta. 
Thsb  uie  farmer  caae,aa  in  A'antAoxyfon/raxtneiini(^.  ti03). 


rig.  aOI.  PERU  of  XtftlliBtr'im  ,fr«rlmn 

Tli*onil«,D.  uid  ilytH  in  diitlneL  t.. , 

^.•M.  PMlliit  IIorelH)iiiid(JV<irp««fuiiirkr^iv) 
(intlM.w.*nilMlnct,tlis  it^lrt,  i.  bFiiw  gnlUil.— _/'!; 


I.  nown  at  Btu  {Anfii  gi 


r.  Wnlloet  ovuriw..    , 


the  carneU  are  nnited  by  their  Btigmas  only  ;  in  i>K^iMitntM 
FraximUa  (Jig.  610)  the  upper  parta  of  their  styles  are  united ; 
while  in  the  lAbiatie  (_fig.  G04,  *),  and  most  Bor^naceee  (Jig. 
606,  (i),awidi<ile  of  the  styles  are  united.  In  all  the  above  cases 
th«  ovmria*  are  diatinst.  "nieae  examples  are  to  be  considered, 
thenfoTB,  M  tnnaitional  states  between  apocarpous  and  syacar- 
poQ*  pittas. 

It  is  far  more  commim  to  find  the  oarpels  unitod  by  their 
lower  portaona  or  ovaries,  and  this  union  may  also  take  place  to 
vaiions  extents.  Thua,  in  the  Rue  (fig.  60(i,  or),  the  union  only 
takea  place  at  the  base  of  the  ovaries,  the  upper  parts  remainit^; 
diitinot,  in  which  case  the  ovary  ia  commonly  described  as  lobed. 
In  DianthMt  (Jig.  597)  the  oTaries  are  completely  united,  the 
v^lsB  baofg  dMinet;  while  in  the  Primroie  (fig.  &1ft^,  V\» 
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Fig.  607. 


Fio.  608. 


ovaries,  styles,  and  stigmas  are  all  united.  When  two  or  more 
ovaries  are  thus  completely  united  so  as  to  form  one  body, 
the  organ  resulting  from  their  union  is  called  a  compoum 
ovary. 

Compound  Ovary. — The  compound  ovary  formed  as  jiafc 
stated  may  either  have  as  many  cavities  separated  by  partitioM 
as  there  are  component  ovaries  ;  or  it  may  only  have  one  cavi^. 
These  differences  have  an  important  influence  upon  the  attach- 
ment of  the  ovules,  as  will  be  afterwards  seen  when  speaking 
of  placentation.  It  is  necessary  for  us,  therefore,  to  explain 
at  once  the  causes  which  lead  to  these  differences.  Thus  if  we 
have  three  carpels  placed  side  by  side  (fig,  Wl^  a),  each  of  theie 
possesses  a  smgle  cavity  corresponding  to  its  ovary,  so  that  if 

we  make  a  transverse  section  of  tbe 
whole,  6,  we  necessarily  have  three 
cavities,  each  of  which  is  separated 
from  those  adjoining  by  two  wallif 
one  being  formed  by  the  aide  of 
its  own  ovary,  and  the  othw  \sf 
that  of  the  one  next  to  it.    M 
if  these  three  carpels,  inatfiad  d 
being  distinct,    are    united   tj 
their  ovaries  (Jig,  008,  a),  to  M 
to  form  a  compound  OTuy,  tin 
latter  must  necessarily  also  Iwre 
as  many  cavities  as  there  ara  com- 
ponent carpels,  6,  and  each  cavity 
must  be    separated   from  ihow 
adjoining  by  a  wall  which  is  called 
a  du»epimtnt  or  partition^    Each 
Fig.m.  a.  Diagram  of  throe  carpels    dissepiment  must  be  also  com- 

plaoed  side  by  ride  bnt  not  united,     posed  of  the  umted  Sides  of  the 

two  adjoining  ovaries,  and  is  con- 
sequently double,  one  half  being 
formed  by  one  of  the  sides  of  iU 
own  ovary,  the  other  by  that  of 
the  adjoining  ovary. 

In  the  normal  arrangement  of 
the  parts  of  the  ovary,  it  must  necessarily  happen  that  the 
styles,  (when  they  are  distinct),  must  alternate  wiwi  the  diasem- 
ments,  for  as  the  former  are  prolongations  of  the  apices  of  tne 
laminte  of  the  carpellary  leaves,  while  the  latter  are  formed  by 
the  union  of  their  margins,  the  dissepiments  must  have  the 
same  relation  to  the  styles  as  the  sides  of  the  blade  of  a  leaf 
have  to  its  apex  ;  that  is,  they  must  be  placed  right  and  left  d 
them,  or  alternate. 

The  cavities  of  the  compound  ovary  are  called  cells  or  locuU^ 
and  such  an  ovary  as  that  just  described  would  be  therefors 
termed  three-celled  or  f rilocwlar,  aa  \\.  Sa  ioxraa^  cS.  \?c£ka  xinitod 


b.  A  tranrvcrae  section  of  the  ova- 
ries of   the  name. lig.  608.   a. 

Diagram  of  three  carpels  united 
by  their  ovaries,  the  styles  and 
stigmas  being  free.  b.  A  trans- 
verse section  of  the  ovaries  of  the 
same. 
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oniiM ;  txt  it  formed  of  the  united  ovaries  of  tiro,  fuur,  five, 
ntmoj  larpels,  it  would  be  described  respectively  u  tinr- 
abd  «  hilocidar,  fanr-celied  or  qwadrilacidar,  fi<et-ftU»d  or  guiii- 
fwlonijar,  and  mimy-^Utd  or  fnnjfilocuiar.  Ab  all  ditsepiments 
Bi  raarioDB  or  (bIbs  which  ara  not  fonned  \>j  the  united  walls 
d  Miiiiiiiag  ovaries,  it  must  necemorily  follew  that  a  simpld 
arpef  can  ^ve  no  true  dissepiment,  and  is  hence,  under  ordi- 
SUT  and  normal  circunutances,  iiniiocuJar  or  ont-ctlUd. 

Inm  the  preceding  observations  it  miut  also  follow  that 
thn  omiea  which  are  placed  side  by  side  cohere,  and  form  a 
MBjNNmd  ovary,  the  dissepiinenta  must  be  vertical,  and  equal 
ti  Kimbar  to  the  ovaries  out  of  which  that  compound  ovsry 


|iHt,ita> 


is  formed.  When  a  compoimd  ovary  Ih  composed,  however,  of 
•ereral  whorls  of  oraiiee  placed  in  succession  one  over  the  other, 
as  in  the  Pomegninate,  horizontal  true  dissepiinenta  may  be 
formed  by  the  ovaries  of  one  whorl  uniting  by  their  base  to  the 
apices  of  those  placed  below  them. 

We  have  just  observed  that  all  dissepiments  Are  nnid  to  be 

Surious  except  those  which  are  fomiod  by  the  union  of  the  walls 
contif^ous  ovaries,  and  it  occasionally  happens  that  such 
■purimis  dissepiments  are  fonned  in  the  course  uf  jtrowth,  by 
which  the  ovary  acquires  an  irregular  character.  These  false 
dissepiments  commonly  arise  from  projections  of  the  placentas  in- 
wards ;  or  by  corresponding  growths  from  some  other  part  of  the 
walla  of  the  ovaries.  Some  of  these  are  horizontal,  and  are 
allad  pkn^THoia,  aa  in  the  Caina  Fittvla  {fig.  609),  w\u)t«  t^w 
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tivaij,  after  fertiliutipn,  ia  divided  by  &  nomber  of  tiaiHTgni 
dissepiments,  wbich  are  projections  from  its  trails.  Otben  m 
vertical,  as  in  Cruciferous  plants,  where  the  disaepimeat,  calU 
a  rephim  {fig.  610,  d),  is  formed  from  the  placentas.  Alio  ii 
Datwra  Stramonium,  where  the  ovai7  is  formed  of  two  oaipdl, 
and  is  hence  nomudlf  two-oelled  ;  but  instead  of  thua  baiiig 
bilocular,  it  is  four- celled  below  {fig.  611)  from  the  formatica 
of  a  apuriouH  vertical  dissepiment,  but  towards  the  apei  il 
is  two-celled  (Ji^.  612),  the  dissepiment  not  being  comrSila 
throughout,  and  thus  the  true  nature  of  the  ovary  is  um 
indicated.  In  the  Gourd  tribe,  also,  sparious  duaepiiMBti 
appear  to  be  formed  in  the  OTary  in  a  vertioal  direction  bj  pro- 
jectiona  from  the  placentas.     In  the  Flax,  again  (fig.  613,  h), 


spurious  incomplete  vertical  dissepiments  are  formed  in  the 
ovary  by  projections  from  the  dorasl  sutures.  In  the  ovary  of 
the  Adragalas  (Jig.  614),  a  spurious  dissepiment  is  also  fonned 
by  a  folding  inwards  of  the  donal  suture  ;  while  in  Oxytropu 
and  Phuea  (fig.  616),  a  spurious  incomplete  dissepiment  ia  pro- 
duced in  the  ovary  of  each  by  a  folding  inwards  of  the  ventral 
suture.  VaritiUB  other  examples  of  the  formation  of  spuiioo* 
dissepiments  might  bo  quoted,  but  the  above  will  be  sufBcient 
for  our  purpose.  It  should  be  noticed  that  in  our  description 
of  spurious  dissepiments,  we  have  not  confined  our  attention 
to  tliose  of  (omponnd  ovaries  alone,  but  have  also  referred  to 
those  of  simple  ovaries,  in  which  they  may  equally  arise.  Thai 
the  aiiurions  dissepiments  of  GamMi  Fistula,  AitmgcUut,  Phaea, 
and  OvytrnpU,  ore  examples  of  such  fxrinations  in  simple  ovarias. 
We  have  now  to  consider  the  formation  iif  the  compound 
ovary  which  pretentt  InU  one  ravity,  inHead  of  two  or  more,  at 
in  that  JHti-  tMndtd  to.  Such  an  uvair  is  formed  either  by  the 
union  of  the  contiguous  margins  uf  the  flattened  open  ovaries 
ot  the  carpels  of  which  it  is  comvowd,  »a  m  tbs  MiQianettfl 
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(ji^.  616)  and  Cactus  (fig.  620)  ;  or  by  the  union  of  carjxjlB  the 
onms  of  which  are  only  partially  folded  inwardH,  bo  that  all 
thdretTities  communicate  in  the  centre,  and  hence  such  a  com- 
pound ovary  is  really  unilocular,  aa  in  the  Orchis  (fig,  617),  and 
Pippy  {Jig.  618). 


Fio.  616. 


Fxo.  617. 


Ftg.  €18.  TraMverne  section  at  tho  unilocular  ovary  of  Mignonette  (Rfsfia). 
€.  The  lower  flattraed  portion  or  orary  of  one  of  t!»o  tlinw  cRn^eLK  of  which 

It  i«  formed,    pi.  One  of  the  three  parietal  pluccntaM. Pif/.  617.  Tranji- 

Tene  ■eotton  A  the  unDocnlar  ovary  of  an  On'h!s.  c.  The  lower  ])ortiou 
or  ovary  of  one  of  tbe  tlirm  oarprl«  of  which  it  I*  formed,  »lightly  infoUIvd. 

pi.  One  of  the  thxtee  placentaa. FiQ.  «1H.  TransverHe  Bectii>n  nf"  the  ovary 

of  a  apeeiea  of  Poppy,  or.  Ovnlfs.  placplac.  Plnoentna.  which  in  tlie 
;oiiii|r  ovary  nearly  meet  in  the  oentre,  and  thuft  the  ovar>-  liecnmeo  almoHt 
mnllilocnlar,  bat  ai  the  ovary  propeaaea  in  development  it  is  distinctly 
imilocalar. 

Havinff  now  described  the  parts,  nature,  and  structure  of  tho 
cupel,  and  of  the  gyncBcium  or  pistil  generally,  we  proceed  in 
the  next  place  to  allude  separately  to  the  constituent  parts  of 
tbe  carpel,  both  in  a  free  and  combined  state,  namely,  the 
ovary,  style,  and  stigma. 

1.  The  Ovary. — The  ovary,  as  already  menti<med  (page 
268)  is  called  compound  when  it  is  composed  of  two  or  more  ova- 
ries combined  together ;  or,  on  the  contrary,  it  is  aimjfh  when 
it  constitutes  the  lower  part  of  a  simple  pistil  (Jig.  577,  o),  or  of 
one  of  the  carpels  of  an  apocarpous  pistil  {Juf.  575).  It  should  be 
noticed,  therefore,  that  the  terms  sun]>le  pistil  and  simple  ovary 
are  not  in  all  cases  synonymous  tenuH  ;  thus,  a  pistil  or  gync«- 
dnm  is  only  said  to  be  simple  (Jigs.  577  and  598),  when  it  is 
formed  of  but  one  carpel,  the  terms  pistil  or  gyn<ecium  and  carpel 
being  then  mutually  convertible  ;  but  an  ovary  is  simi)le  as  just 
notioed,  whether  it  forms  part  of  a  simple  pistil,  as  in  the  Broom 
(Jig.  577)y  or  of  one  of  the  carpels  of  an  apocarpous  pistil,  as  in 
the  Stonecrop  (Jig.  675). 

Generally  speaking,  the  ovary  is  sesidle  upon  the  thalamus, 
the  carpeUary  leaves  out  of  which  it  is  formed  having  no  stalks. 
In  rare  cases,  however,  the  ovary  is  more  or  less  elevated  above 
the  outer  whorls,  when  it  is  said  to  be  stalked  or  aiipitate,  as 
in  the  Dickmwm  (Jig.  619,  g)j  and  Dianthus  (Jig.  597,  g) ;  this 
stalk  has  received  the  name  of  gynophore.  We  shall  refer  to 
the  g3rnophore  agun  under  the  head  of  Thalamus. 


272 


(ii:Ni::rwAL  description  of  tiik  ovary. 


The  ovary,  whether  simple  or  compound,  may  be  either  ad- 
herent to  the  calyx  or  free  from  it  (see  page  220).  In  the  former 
case,  as  in  the  Myrtle  (fig»  458),  it  is  inferior  or  adkerentf  andths 
calyx  is  superior  ;  in  the  latter,  as  in  the  Barberry  {Jig,  679}^ 
and  IHctamniM  (fig.  619),  it  is  mj^^eriar  or  free,  and  the  calyx  n 
inferior.  In  some  flowers  the  ovary  is  but  partially  adherent  to 
the  calyx,  as  in  the  species  of  Saxifrage  (fig.  620),  in  which  em 
it  is  sometimes  termed  half-adherent  or  half-inferior ;  and  ihi 
calyx  is  then  said  to  be  half-auperlor  t  the  latter  terms  are,  how- 
ever, but  rarely  used,  the  ovary  being  commonly  deicribed  m 
inferior,  whether  its  adhesion  to  the  <»dyx  be  oomplete,  or  only 
partially  so,  and  vice  vertd. 


Fig.  619. 


Fio.  620. 


Fig.  621. 


Fig.  819.  Pistil  of  Dictnmnu*  Fmxirwlla.    The  ovary  U  supported  on  a  wjiki>- 

phore,  g,  and  u  Huperlor. Fig.  620.  Vertical  section  of  the  flower  o( 

a  Saxifraj^e,  showing  the  ovary  t)artially  adherent  to  tiie  oalyz. Fig. 

621.  Compound  irregular  ovary  of  Antirrhinum. 


The  student  must  be  careful  not  to  confound  the  inferior 
ovary,  as  now  described,  with  the  apparently  inferior  ovariM 
of  such  flowers  as  the  Rose  (fig.  449),  where  the  thalamus,  r,  r, 
is  concave  and  attached  to  the  tube  of  the  calyx  ct,  an4  bean 
a  number  of  carpels,  o,  o,  on  its  inner  walls.  A  transYerse  lee- 
tion  will  at  once  show  the  difierence  ;  thus,  in  the  Rose,  we 
should  then  find  a  single  cavity  open  at  its  summit,  and  its  wi^ 
covered  with  distinct  carpels  ;  whereas,  on  the  contrary,  a  true 
adherent  ovary  would  show,  under  the  same  condition,  one  or 
more  cells  containing  ovules.  The  ovaries  of  the  Rose  are  there- 
fore strictly  superior  or  free. 

Schleiden  contends  that  the  ovary  is  not  always  formed  of 
carpels,  but  sometimes  also  of  the  stem,  and  at  other  times  of  the 
two  combined.  His  views  are  not  however  generally  received  by 
botanists,  and  we  need  not  therefore  furuier  allude  to  them. 
It  is  probable,  however,  that  the  thalamus  by  becoming  hollowed 


rOBH   AND   APPEARANCE  OP  THE   OITABT. 


273 


out  aty,  in  ■ome  cafles,  form  part  •£  the  ovuy,.  in  tho  naine 
mmNr  m  it  oocasionally,  under  similar  drcamstances,  formn  a 
put  of  the  calyx,  as  already  noticed  in  E»c)i9chol4zia,    (See  page 

m.) 

The  ovary  varies  in  form  and  appearance  :  when  simple,  it  is 
fennaUy  moreor  leas  irregular  in  form ;  but  when  c<mipoH  tkd,  it  is 
eoBUBonly  regular.  Exceptions  to  the  regularity  of  compound 
vnam  may  be  seen  in  the  Antirrhinum  (Jig,  621),  and  in  other 
imtancgi.  In  form,  the  compound  ovary  is  generally  more  or 
Imi  ipheroidal,  or  ovate.  The  cmter  surface  may  be  either  i>cr- 
fadiy  even  or  uniform,  thus  showing  no  trace  of  its  internal 
dirinons ;  or  it  may  be  marked  by  furrows  extending  from  its 
Iwetothe  origin  of  the  style  and  corres}>onding  to  the  i>oints 
of  onioD  of  its  constituent  ovaries.  When  these  furr^wH  are 
deep,  the  ovary  assumes  a  lobed  appearance,  and  is  deficri))ed  as 
oM^tvOftKreeyfifur^fivey  or  mani/4r>6e«f, according  to  the  number 
of  its  lobes.     Sometimes  we  find,  in  addition  to  tho  fiuTows  wliich 


Fic.  6-22. 
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Ftg.  6».  Pistfllatc  fluwcr  of  n  Rpocio*  of  Euphorbia,  with  thrw  forke-l  stv.o-, 

Fig.€i2.  Vwrtiral  section  of  tho  flowt-r  of  the  Ptouocroii.    pi.  Plnwntu 

at  one  of  the  ovaries  srUing  from  the  vvntral  Ktitun;. 

correspond  to  the  points  of  union  of  the  ovaries,  others  (»f  a 
more  superfioia]  character  which  correspond  to  tho  dorsal  sn- 
tares.  At  the  latter  ^loints,  however,  it  is  more  common  to  find 
slight  projections,  which  then  give  a  somewhat  angular  appear- 
ance to  the  ovary. 

The  epidermis  covering  the  surface  of  the  ovary  may  be  cither 
perfectly  smooth,  or  furnished  in  various  ways  with  different 
kinds  of  hairs,  or  prickles ;  or  it  may  assume  a  glandular  appear- 
ance. In  these  cases  the  same  terms  are  used  as  in  describing 
similar  conditions  of  the  surface  of  the  leaves,  or  of  the  other 
organs  of  the  plant. 

When  the  ovary  is  compound,  the  number  of  carpels  of  which 
it  is  composed  may  be  ascertained  in  one  or  more  of  the  follow- 
ing ways.  Thus,  when  the  styles  (Jig.  459),  or  stigmas  (Jiff.  31), 
remain  distinct,  tiie  number  of  these  generally  corresponds  to  the 
nnmbor  of  carpels.  It  does,  however,  occasionally  happen,  as  in 
jBttfifcorMa  (Jiff.  682),  that  the  BtyleB  are  themselves  divided,  ytl 
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which  case  they  would  of  course  indicate  a  greaten 
carpels  than  are  actually  present ;  we  must  then  res 
modes  of  ascertaining  this  point,  such,  for  instance. 
rows,  or  lobes  on  the  external  surface  of  the  ova 
number  of  partitions  or  loculi  which  it  contains,  as 
monly  correspond  in  number  to  the  carpels  of  whid] 
is  composed.  The  mode  of  venation  may  in  Bom< 
f oiiu  a  guide  in  the  determination  ;  while  in  others 
in  which  the  ovules  are  attached  must  be  taken  int 
tion.     We  now  pass  to  the  examination  of  the  latter 

Placentation. — The  term  pUicetUa  is  commonly  ap 
more  or  less  marked  projection  occurring  in  the  cavity 
{figs.  679,  Pf  and  623,  pl)^  to  which  the  ovule  or 
attached.  The  placentas  are  variously  distributed 
phuits,  but  their  arrangement  is  always  the  same  fo 
cular  species,  and  frequently  throughout  entire  gen< 
natural  orders  ;  hence  their  accurate  discriminatioi 
practical  importance  (see  page  278).  The  term  pla 
used  to  indicate  the  manner  in  which  the  placental 
buted.     The  placenta  is  called  by  Schleiden  the  gper 

1.  Khida  of  Placejitation. — In  the  simple  ovary  t 
is  always  situated  at  the  ventral  suture  or  that  ] 
corresponds  to  the  union  of  the  two  margins  of  th 
the  carpellary  leaf  {fi>gs.  579,  680,  and  623)  out 
h  formed  ;  such  a  placenta  is  therefore  termed  n 
sometimes  axile  from  its  being  turned  towards  the 
plant.  The  latter  term  is  better  reserved  for  the  j 
of  compound  ovaries,  as  described  below. 


Fig.  G25. 


Fic 


rig.  624.  Transverse  section  of  tlie  cunipound  ovary  of  the  LUy. 

ii  trilocular.    The  placentas,  pi,  are  axile  or  central. Fiff.  i 

verse  section  of  the  ovary  of  a  species  of  Campanula.    The  o^ 

celled,  and  the  placentation,  p/,  axile  or  oentraL Fiff.SiB. 

seccion  of  the  ovary  of  a  species  of  Cacttts,    The  ovary  is  anil> 
the  placentation  patietaL 

In  compound  ovaries  we  have  three  kinds  of  pi 
namely,  axiUf  parietal^  and  free  central.  The  axi 
all  compound  many-oelled  ovaries,  because  in  these 
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net  of  tlie  component  carpels  is  placed  in  a  Rimilar  position 
W  d  the  simple  ovaiy  {Jigs,  607  and  608),  and  hence  the 
entai  situated  at  their  ventral  sutures  will  be  arranged  in 
I  oentre  or  axis,  as  in  the  Lily  (fg,  624),  and  Campanula 
u9SS^,  By  many  botanists  this  mode  of  placentation  is 
bd  central^  and  the  term  axlle  is  restricted  to  the  funu  of 
eentafcion  where  the  placenta  is  supposed  to  be  a  prolongation 
die  axis.  This  will  be  afterwards  alluded  to. 
In  a  compound  one-celled  ovary  there  are  two  forms  of  plu- 
itiiion,  namely,  the  parietal,  and  the  free-central.  The  pla- 
itation  is  termed  parietal,  when  the  ovules  are  attached  to 
lOHktai  either  placed  directly  on  the  inner  wall  of  the  ovary, 
in  the  Mignonette  {fig.  616,  pi),  and  Cactus  {fig,  620)  ;  or  u|K)n 


Fi«;.  628. 


Fig.  627. 


V-  W.  Tnuuvene  lectiou  of  tlie  young  ovary  (if  Comiiiim  (i^iN'A/ii«), show- 
ing fk-vt  partitions  proceeding  fruui  the  whIIm  of  tho  ovury  to  tbc  placentas 
in  the  centre ;  these  itartitious  are  distroyoil  by  the  gmwtli  of  tho  ovary. 

ID  tlMkt  the  pUoentatidn  is  ultimately  irce. Fig.  Oi'H.  Vfrtical  w-ction  of 

(Vra^fium  hirtutum  {Caryophjfllaoa').    v.  Uvury.     p.   Frry  cuntnd  pla- 
centa,   g.  Otu1».'8.    t.  Styles  and  stiMmnji. Fig.  S'JIK  Tninsvcriw;  uiaiun 

of  the  nine  with  the  two  portions  h<^|)arut4.'d.  o.  Ovary.  ;;.  Placenta,  g. 
Ofuhsi.    *.  Styles  and  stignuis.    From  Jusuleu. 

nplete  dissepiments  formed,  as  already  noticed,  by  the  par- 

r  infolded  ovaries,  as  in  the  species  of  OrMs  (fig.  617 »  pi) 

Poppy  {fig.  618,  plac).    In  parietal  placentation,  the  number 

aoentas  corresponds  to  the  number  of  carpels  of  which  the 

y  is  formed.     When  the  placentas  are  not  attached  to  the 

r  wall  of  the  ovary,  but  are  situated  in  the  centre  of  the  cavity 

perfectly  unconnected  with  the  wall,  they  form  what  is 

d  a  free  central  placenta,  as  in  the  Caryophyllaceie  {figs. 

and  629),  and  in  tho  Primulacea)  {fig.  630,  jA). 

ieaidea  the  regular  kinils  of  placentation  just  described,  it 

»time8  happens  that  the  ovules  are  placed  more  or  less 

nilariy  in  the  cavity  of  the  ovary.     Thus,  in  the  Flowering 

a  (fig.  631)|  they  cover  the  whole  inner  surface  of  the  ovahea ; 

t2 
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in  the  Nymphaui,  they  are  attached  all  over  tlie  disMpimetiti; 
in  Cabomha,  tliej  arioe  from  tha  donal  tuture  ;  uid  in  Bcoc» 
rop«  (On)baiu:Ae),  from  placentu  placed  within  the  nuivni  of  tti 
ventral  lutiire. 


2.  Origin  of  thr.  Plauiita. — It  ii  generally  believed  thattto 
placenta  is,  in  most  esses  at  least,  a  cellular  growtli  derelopd 
from  the  confluent  niargins  of  the  carpeU,  or,  man  ithctif 
■peaking,  from  the  cunflnent  marginji  of  the  laminw  of  tlit 
carpellary  leaves,  and  bearins  the  ovule  or  ovnlee  upon  iti 
■iirface.  In  some  casea  the  placenta  extends  along  the  whol* 
line  of  uiiinn  of  the  carpel  {fig.  623,  pj),  or  it  may  be  oontincd 
to  ita  base  or  apex.  Each  placenta  ia  thersfore  to  be  ooo- 
sidercd  as  composed  of  two  halves,  one  half  being  formed  l^ 
each  margin  of  the  carpel.  Thus  in  BiDiple  ovaries  the  plaoeuU 
ia  developed  b^  a  single  carpel ;  in  compound  manj-celled  ovuin 
the  placentas  are  iit  like  manner  formed  from  the  oontiguoni 
margins  of  eacli  individual  carpel  of  which  it  is  composed  ;  whik 
in  conipound  one-celled  ovaries  presenting  parietal  placentatioa, 
each  placenta  is  formed  from  the  oontiguous  niargiiis  of  two 
carpels,  and  is  hence  produced  by  two  adjoining  carpels. 

That  the  placentas  are  reall;  developed  in  the  above  formi 
of  placentatiou  from  the  margins  of  the  carpels  aeemi  to  be 
proved  in  various  wtejn.  Thus,  in  the  first  place,  the  placental 
always  correspond  to  the  points  of  union  of  the  margins  of  the 
carpel,  and  hence  would  naturallj  be  considered  as  formed  from 
them  \  and  eeoondly,  we  frequently  find,  that  in  monstroaitiei 
or  abnormal  gTowthe  where  the  carpel  is  developed  in  a  nuoe 
or  less  Battened  condition,  a  placente  bearing  ovules  ia  formed 
upon  each  of  ita  margins.  The  productiona  of  the  ovules  in 
theae  cases  may  be  considered  as  analogous  to  the  fomatjon 
of  buds  on  the  mugiiu  of  leaves,  aa  in  JryopAyUum  ealyiimm 
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(jij.  208),  and  Mal<ixi»  paiud^tm  {fitj.  201)),  already  referred  to. 
The  formation  of  tlie  placentae  from  tlio  margins  of  tliu  cari^uls 
inufle  and  parietal  placentation  may  be  considered,  therefore, 
^  u  apable  of  being  proved  by  direct  observation,  and  from 
aailoey  to  what  occurs  in  certain  ordinary  leaves. 

\V  e  now  pass  to  consider  the  origin  of  the  free  central  placenta. 
The  theory  formerly  entertained  was,  that  tliis  also  wan  a  develop- 
ment from  the  mai;gins  of  the  carj»els.     It  was  thought  that  the 
Ctfpels  of   which  Uie  compound  ovary  was  formed  originally 
met  in  the  centre  and  develox>ed  placentas  from  their  margins 
in  the  same  manner  as  in  ordinary  axile  placentation,  but  that 
nbeeqnently  the  walls  of  the  ovary  grew  more  rapidly  than  the 
diaepimenta,  so  that  the  connection  l>etwecn  them  was  soon 
deim>yed ;  and  that  from  this  cause,  and  also  from  the  great 
nbeeqnent  development  of  the  placenta,  the  se])ta  idtimately 
beetme  almost  or  quite  broken  up,  so  that  the  placenta  was  left 
free  in  the  cavity  of  the  ovary.     This  theory  is  strengthened  by 
the  £sct,  that  in  several  of  the  CaryophyllacesB  we  often  find 
diMpimenta  in  the  young  ovary  {fig.  G^7) ;  and  even  traces 
of  these  at  the  lower  part  of  the  mature  ovary  ;  hence  it  may 
be  ooDcIuded  that    these    are   the    remains   of    dissepiments 
tjuch  hare  become  ruptured  on  account  of  the  unequal  deve- 
bpment  of  the  parts  of  the  ovary.      In  the  IMmrose,  how- 
e?er,  and  many  other  plants,  which  have  a  free  central  placenta, 
BO  tracea  of  masepimenta  can  be  found  at  any  period  of  the 
growth  of  the  ovary.     Duchartro,  and  othern  also,  who  have 
traced  the  development  of  the  ovary  in  the  Primulacew,  state 
that  the  placenta  is  free  in  the  centre  fmm  its  earliest  ap^Hsar- 
ance  ;  tliat  it  is  originally  a  little  papilla  on  the  ai>ex  of  the 
thalamua,  and  that  tiie  walls  of  the  future  ovary  grow  up  per- 
fectly free,  and  ultimately  enclose  it.     The  formation  of  such  a 
£cee  centnJ  placenta  cannot  therefore  be  well  explained  ui>on  the 
muginal  theory,  as  the  carpels  have  never  had  any  connection 
with  it  except  at  their  base.     Hence  this  kind  of  placentation 
haa  been  aopposed  by  many  botanists  not  to  be  formed  from 
the  carpela  at  all,  but  to  be  a  prolongation  of  the  axis,  which 
bean  ovules,   instead  of   buds   as  is  the  case  generally  with 
bcanchea.     This  theory  explains  very  readily  the  formation  of 
the    free    central  placenta    of    Primxda,   and    hence    such  a 
plaoenta  haa  been  denominated  aaalt  by  some  botanists  ;  but 
thia  name,  aa  already  noticed  (page  274),  having  been  already 
applied  to   anotiier   form  of    placentation,   the    adoption    of 
auch  a  term  cannot  but  lead  to  much  confusion.      The  free 
central  placenta   of   PritMda   can  only  be  explained   on  the 
maiginal  or  carpellary  theory  of  the  formation  of  placentas,  by 
anppoaing,  either  that  the  placentas  are  only  produced  at  the 
baae  of  the  carpela,  and  subsequently  elongate  and  enUree  ;  or 
that  they  are  formed  by  a  whorl  of  placentas  developed  sepo- 
gmtelx  Awn  the  carpels  by  a  process  of  ehoTiBia^Bee  Ohor\«U\ 
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and  that  these  afterwards  become  united  in  the  centre  of  tb 
ovary. 

Schleiden,  indeed,  and  some  other  botanists  regard  the  pit' 
centa  in  all  cases  as  a  development  from  the  axis  of  the  phaL 
The  axile  and  free  central  placentation  are  readily  to  he  a- 
plained  by  it,  but  the  formation  of  the  parietal  placenta  is  by  no 
means  so  clear.  It  is  supposed  in  the  latter  case  that  tibi 
axis  ramifies  in  the  cavity  of  the  ovary,  and  that  the  brsndMi 
curve  directly  from  their  origin  towards  the  side,  and  beoons 
blended  with  the  margins  of  the  two  adjoining  carpels  on  thdr 
inner  side,  and  fonn  parietal  placentas  bearing  ovules  si  latoil 
buds.  Schleiden  thinks  that  the  formation  of  the  ovule  in  thi 
Yew,  where  it  terminates  a  branch,  and  is  naked,  is  incompaiibb 
with  the  marginal  theory.  He  also  believes  that  the  formstkitt 
of  the  ovules  generally  in  the  Coniferas,  supports  his  views  d 
placentation.  He  regards  the  ovules  in  these  plants  as  bong 
given  off  from  tlie  axis  of  the  cone,  which  he  calls  a  plaoenti, 

and  the  scales,  or  bracts,  which  an 
Fig.  632.  situated  between  them,  he  maintiim 

are  open  carpellary  leaves.     Schleidflii 
also  states,  that  no  satisfactory  exj^sDir 
tion  can  be  given  by  the  advoa^  d 
the  marginal  theory  of  placentation  d 
the  formation  of  the  ovule  and  plsoento 
in  Armeria,  in  which  the  ovary  con- 
posed  of  five  carpels  surrounds  a  single 
ovule,  which  rises  from  the  bottom  d 
the  axis,  supported  on  a  stalk  whidi 
curves  downwards  at  its  apex,  and  thus 
suspends  the  ovule  free  in  the  oentn 
of  the  cavity  (fig.  632).     He  aocordinglj 
concludes,  Uiat  the  ovule  and  placente 
Fig.  632.  Vertical  section  of  are  developments  of   the  axis.    Many 
the  flower  of  yifwHfl.  The  other  arguments  in  favour  of  the  uni- 

ovary  is  Heen  to  oontfdn  onl  J  •,      °  ,.     ,.,«j *  xt  •  i   xi_ 

a  single  ovale  suspended  versal  applicabibty  of  the  axial  theory 
from  a  fnnicnins  or  staUc.  in  the  formation  of  the  placenta  have 
^^v^e  is  here  said  to  be  ^^^  brought  forward  by  Schleiden  and 

other  botanists,  but  their  further  dis- 
cussion would  be  out  of  place  here. 
From  all  that  has  now  been  stated,  we  may  draw  the  following 
conclusions,  namely  : — that  no  one  theory  sufficiently  aoooonts 
for  the  production  of  the  placenta  in  all  cases ;  but  thi^  the 
axile  and  some  forms  of  the  free  central  placentation  may  be 
explained  on  both  hypotheses  ;  that  the  parietal  placentatian 
is  best  explained  upon  the  marginal  theory ;  and  that  the 
formation  of  the  free  central  placenta  of  the  fVimulaceas,  Santa- 
lacece,  and  some  other  plants,  can  only  be  satisfactorily  explained 
by  considering  the  placenta  as  a  production  of  the  axis. 

In  a  practical  point  oi  iriew,  \\i«  inodA  olt'^stQ^^AaKsiifA.  ^^ 


Tin:  stym:. 
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placenta  13  of  little  importance.  The  a<.'ciirato  iliscriininjition 
m{  the  difterent  kinds  is,  however,  of  much  value  in  Descriptivi^ 
Eotany,  by  affording  us  constant,  and  hence  important  characters 
ibr  distinguishing  plants.  Some  natural  ortlent  exhibit  more 
thui  one  variety  of  placentation,  and  cannot  be  therefore  distin- 
gaiahed  by  any  particular  kind  ;  hence,  in  such  onlers,  the  pla- 
oentation  can  only  be  applied  in  obtaining  good  characteristics  of 
tiw  genera.  In  the  majority  of  instances,  however,  we  lind  one 
kind  of  placentation  occurring  throughout  all  the  plants  of  a 
pirticalar  natural  order.  Thus,  tlie  Scroplndariacea',  £ricacea\ 
and  Guupanulaceie  present  us  with  axile  placentation ;  the  £^i[)a- 
veEttMe,  Violacefe,  and  Crucifera)  with  parietal ;  and  the  Caryo- 
phjUicene,  Santalacete,  and  Primulaccte,  with  free  central  pla- 
centation. 

Vui.  ««:>. 


Fi<t.  63a. 


Fi<:.  G54. 


Fiff.  «S3.   One  of  the  cnrpcls  of  the  Strawberry  with  a  lateral  Rtylo. 

/V^.eil.  Carpd  of  AUM^Mt  with  a  hiwUar  ntyle.    The  Atif^a  in  cftpitato. 

Ftff.  6&5.  The  Oftrpophore,  e,  of  a  flpedca  of  Geranium,  witli  the  rolktl- 

bttok  cftrpeU,  enr. 

2.  The  Style. — We  have  already  described  (page  262)  the 
general  nature  and  structure  of  the  style  in  speaking  of  the 
carpel.  There  are,  however,  certain  other  matters  connected 
wiui  it  still  to  be  alluded  to. 

The  style  usually  arises  from  the  geometrical  summit  of 
the  ovaiy,  of  which  it  is  a  continuation  in  an  upward  direction, 
at  in  the  Primrose  (fig.  57G) :  it  is  then  termed  apieUar  or  apical. 
In  other  cases,  the  apex  of  the  ovary  becomes  inflected  toward:^ 
the  aide  or  base,  from  the  carpel  or  carpels  of  which  it  is  formed 
being  folded  like  ordinary  leaves  in  reclinate  vernation,  the  stylo 
then  becomes  lateral  as  in  the  Strawberry  {fig.  633),  or  hasUur 
as  in  AlehtmiUa  {fig,  634).  In  the  two  latter  cases,  therefore, 
the  geometrical  and  organic  apices  of  the  ovary  do  not  correspond, 
Af  &e  point  oi  origin  0/  the  style  always  determinea  the  l&ttert. 


iSl)  MOOinCATIOKS  OV  IHB   ETTM. 

The  stvle  ia  generally  direotly  oontmuout  with  the  onrj, 
nliicl)  gradually  tapers  upirarda  to  it,  u  in  Digib^U,  inwW 
VAse  it  is  more  or  less  p^aittent,  and  then  it  forms  »  men  ■ 
t«^  evident  part  of  the  fruit  ;  at  other  times,  however,  tbn 
ia  a  kind  of  contraction  or  apeciee  of  articnlaticm  at  theptii 
u-!ieru  the  style  springs  from  the  ovary,  as  in  SeUj)v*,  aad  tha 
■the  style  always  falls  off  after  the  process  of  fertilisation  is  «■ 
pliited,  in  which  case  it  is  said  to  be  tUeidvous,  and  has  no  M 
nection  with  the  fniit. 

When  the  style  is  basilar  or  lateral,  and  the  ovary  to  iMi 
il  is  attached  more  or  less  imbedded  in  the  thalamoi,  itbi 
ijuently  appears  to  spring  from  the  lattor  part ;  snch  anaimp 
ment  is  caUed  a  gytCobatt,  and  the  ovary  ii  said  to  be  g^tahmk 
Thus  in  the  Labiate  (Jig.  604),  and  Boraginacee  (Jig.  606),  tt 
foiu-  ovaries  are  free,  but  the  styles  befome  connected  and  &n 


Fig.  esc. 


Fig.  687. 


IP  Fnp^^rUneas.  f.  Calyx,  p.f.  Pstali. 
1  the  onry.  0.  Onuj  with  thne  itita. 
—  fig.  «1T.  Onryta  tlif  C«tor  OU  Phnl 
Id  Uir  EofiuatiM/xm,    Tlie  itflei  la  lUi 


a  central  column,  which  appears  therefore  to  be  a  prolongati 
of  the  thalamus. 

Such  an  arrangement  mutt  not  be  oonfoimded  with  that 
tlie  ovaries  and  styles  of  the  spe<nes  of  Geranium  (Jig.  636),  s 
souie  other  plants,  where  the  axis  is  prolonged  in  the  fonn  a 
beak-like  process,  to  which  the  ovaries  and  styles  b«oon>e  nniti 
and  from  which  they  separate  when  the  fruit  ia  ripe.  T 
prolongation  of  the  thalamus  is  termed  a  earpophon.  ff 
Thalamus,  page  366.) 

We  have  already  stated  {p^e  273),  that  when  the  strles  o 
syncarpoiM  pistil  are  distinct,  they  usually  fsan 
/)  limber  of  carpels  of  wlkich  tb&i  '^rtal\a«oiD.vi 


jioDincAnoHa  or  the  sttlb. 
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!■■  i^fmnt,  bowsrer,  that  the  atyla  of  each  nrpel  bifnrcAtea 
i>  WeMDM  f(nk«d,  ••  in  aome  Eupnorbiacew,  either  onue  (Jig*- 
IB  nd  637),  or  twice  (Jig.  036)  -,  in  which  cih  the  apinreiit 
■■■ka  of  tJM  itylea  ftbuve  ia  thee  double  or  quadruple  tust  of 

Wlwn  two  or  more  atjlei  Are  united  into  one  body,  this  is 
iHMd  >  toatpoimd  ityU.  Thia  adhesion  may  t&ke  plac«  either 
Winij,  u  in  the  PriJiiirose  (Jig.  576),  when  the  Btyle  ia  impro- 
p«b  (tmied  *>mplc  (nndiTided  or  entire  wuuld  be  a  better  tenn) ; 
«BaiBiionia  more  or  lea*  incomplete  m  we  proceed towardaita 
i(B,atid  correaponding  tenna  are  nied  accordingly.  These 
iMai  are  aimilar  to  thoae  pieTioualy  mentioned  in  deacrifaing 
ft*  Jagreea  of  diviaion  of  the  other  parla  of  the  plant :  thuathe 
i^  it  taid  to  be  cleft,  when  the  union  between  the  component 
i^H  oitenda  to  at  laaat  midway  between  their  baae  and  apex  ; 
nl  the  afrfle  ia  aaid  to  be  bifid,  trifid,  qvadrijid,  qninq^ifjui,  or 
Flo.  SBS 


BOBDua. — -Fig.  Wl.  Ilppor  JMirt  of  tli«  nyle  a 
firmam.    I.  Btyta.    i.  Btlfma.    i.  Indmlnin,— 


'fi.  PetilnUl  ntcleii.  iHg. 
J  >Ii«niB  uf  LtKluiuuWn 
FI9.  MO.  nppor  iMrl  ol 
.WD  bnnotus,  whkh  ua 


wtt^,  aocordingaait  ia(uN>,  Mree,/our,^i«orin<inv-cffyi.  If 
w  union  between  the  component  ntylesdoca  not  extend  tomid- 
Kf  b«twean  their  base  and  apex,  the  style  is  partite,  and  is  de- 
nbed  aa  UjiartiU,  Iripartit*,  qvadriparlUe,  &c.,  according  to 
M  mimber  of  partitiona. 

Form  and  Smfaa.—'i'a  form  the  style  is  generally  more  or 
H  ejrHndriol ;  and  either  tapering  from  the  base  to  the  apex, 
I  ia  mora  frequently  the  case,  or  becoming  enlarged  as  it  pro- 
wda  npwaedm.     At  other  times  the  style  is  filifomi,  or  inon  at 
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less  thickened,  or  angular  ;  and  rarely  thin,  coloured,  and  dat* 
tened  like  a  petal,  as  in  the  species  of  Canna  and  Iris  (jig,  63b), 
when  it  is  then  said  to  be  pet^daid. 

The  surface  of  the  style  may  be  either  smooth,  or  covered  in 
Tarious  ways  with  glands  or  hairs.     These  hairs  when  ntuated 
on  the  style  frequently  serve  the  purpose  of  oollectiiig  the  polka 
as  it  is  discharged  from  the  anther,  and  are  hence  tenned  coi- 
lecihig  l\airs.     The  collecting  hairs  on  the  style  of  the  apeciei  of 
Campanula  {figs.  154  and  155)  are  retractide;  they  have  been 
already  described  under  the  head  of  Hairs.     In  the  Compusitco 
the  surface  of  the  style  is  also  more  or  less  covered  with  staff  col' 
looting  hairs  {fi^g,  640,  pc),  and  as  the  style  is  developed  later 
than  the  stamens,  it  is  at  first  shorter  than  these  organs,  but  aft 
growth  proceeds,  it  breaks  through  the  adhering  anthers,  and  thu9 
the  hairs  on  its  surface  come  in  contact  with  the  pollen  and- 
become  covered  with  it.     In  the  allied  orders  to  the  Compodtie, 
namely,  the  Goodeniaceie  and  the  Lobeliacese,  the  hairs  form  » 
little  ring  below  the  stigma  {fi^,  639,  i),  to  which  the  term  of 
iiuiusium  has  been  given. 

3.  The  Stioma. — The  stigma  has  been  already  described 
(page  264),  as  being  connected  with  the  placenta  by  means  o€ 
the  conducting  tissue  of  the  style  ;  hence  it  may  be  considered 
as  a  portion  of  the  placenta  prolonged  upwards,  but  differing^ 
from  it  in  not  bearing  ovules.     If  Uiis  be  the  proper  view  of 
the  structure  of  the  stigma,   it  must  be   regarded,  like  the 
placenta,  as  double,  one  half  being  formed  by  each  margin  of  the 
carpellary  leaf,  and  hence  each  simple  pistil  or  carpel  has  neces- 
sarily two  stigmas,  the  normal  positions  of  which  are  lateral 
In  many  Rosaceoe,  as  in  the  Rose,  the  stigma  is  notched  on  the 
side  corresponding  to  that  from  which  the  placenta  arises,  which 
is  another  proof  of  its  double  nature. 

The  stigmas  of  a  syncarpous  pistil  are  generally  opposite  to 
the  cells,  and  alternate  with  the  dissepiments,  but  it  sometimes 
happens,  as  in  the  Poppy  {fig.  31),  that  half  the  stigma  of  one 
carpel  unites  with  a  similar  half  of  that  of  the  adjoining  car- 
pel, and  thus  it  becomes  alternate  with  the  cells,  and  opposite  to 
the  dissepiments,  which  are  here,  however,  imperfect  {fig.  618). 

The  term  stigma  is  only  properly  applied  to  that  portion  of 
the  style  which  is  destitute  of  epidermis,  and  which  secretes  the 
stigmatic  fluid  ;  but  it  is  often  imprr>perly  given  to  mere  divi- 
sions of  the  style.  Thus  in  the  species  of  Iris  (fig.  638),  the 
three  petaloid  portions  of  the  style  are  by  some  botanists  tinned 
petaloid  stigmas  ;  whereas  the  stigma  is  properljr  confined  to  a 
little  transverse  space  near  the  apex  of  each  oivision.  In  many 
plants  of  the  natural  order  Leguminosaa,  such  as  LaHkyruM  (fig. 
598),  the  hairy  part  towards  the  summit  of  the  style  has  been 
termed  a  stigma,  but  the  latter  is  confined  to  the  apex  of  that 
oi^gan.  In  Labiate  plants  also,  the  style  frequently  divides 
above  into  two  branches  (Jig.  ^Mt)^  «s\^  VXieAA\kk^^\Mcsiw  oi^fiifiA. 
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itigmM,  bnt  the  latter,  as  in  the  instances  just  alluded  to,  are 
ouniined  to  the  apices  of  the  divided  portions  of  the  style. 

We  have  already  seen  that  the  stigma  niay  be  separated  from 
theoTary  by  the  style  {figs.  576  to  578) ;  or  the  latter  organ  may 
be  absent,  in  which  case  the  stigma  is  said  to  be  aeMil^y  as 
in  the  Barberry  (fig.  579)  and  Poppy  (fi^g.  ;U).  In  Orchids  the 
itigma  ii  sessile  on  the  gynostemium  {fig.  589,  x),  and  appears 
18 1  little  cap-shaped  viscid  space  just  below  the  attachment  of 
the  pollen-masses. 

m  a  syncarpous  pistil  the  stigmas  may  be  either  united  toge- 
ther as  in  the  Primrose  {fig.  576),  or  distinct  as  in  the  Camp<p- 
^  (fig.  502) ;  in  the  latter  case,  instead  of  looking  upon  these 
*epinte  parts  as  so  many  distinct  stigmas,  it  is  usual  to  describe 
them  as  if  they  were  portions  of  but  one  ;  thus  we  speak  of 
^  stigma  as  hifidy  irifid,  &c.,  or  as  fnloftnU,  triUthatey  t&c,  ac- 
ocvding  to  the  number  and  character  of  its  divisions.  Thus  the 
'onn  lobe  is  usually  applied  when  the  divisions  are  thick,  as  in 


Fio.641. 


9> 


Fi<;.  042. 


Fio.fi  13. 


Fig.M\.  Pistil  of  Lny.with  ono  ntylc  aivl  a 

trllotMte  stigma. Fhj.  642.  Lolhil  «tipina 

of  Melou. Ftg.  643.  Pistil  of  a  Apoci(>s  of 

duyMutthemum^  with  one  Atyh*  aiiil  a  bifid 
stiffma,  the  diviAiuus  with  hairx  at  thoir  mx- 
tremities. 


the  lily  (fiq.  641)  and  Melon  (fig.  642) ;  or  when  these  are 
fattened  and  somewhat  strap-shaped,  as  in  the  Compositte  {fig. 
C43),  the  stigma  is  fissured  or  cleft ;  or  when  flattened  into 
plates  or  bands  they  are  termed  lamellae,  as  in  the  BigwynUi  (fig. 
044)  and  MimtUus.  The  number  of  these  divisions  in  the 
majority  of  instances  corresponds  to  the  number  of  carpels  of 
which  the  pistil  is  composed  ;  and  if  the  latter  organ  is  many- 
celled,  the  number  of  cells  will  generally  correspond  also  to  the 
diviaions  of  the  stigma.  Thus  the  five-cleft  stigma  of  some 
Campannlaa  indicates  that  there  are  five  cells  to  the  ovary,  and 
that  the  puf^  Is  formed  of  Ave  carpels.  In  the  Grainmaice»  ^  ju) . 
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6%)  and  CompoBitee  Ifig).  B40  and  643),  however,  we  have  i 
bilid  stigma,  and  but  one  cell  in  the  oTaiy  ;  but  this  ariie*  fiuii 
the  non-development  of  the  ovary  of  one  of  the  two  carpeli  d 
which  the  pistil  in  the  plants  of  these  orden  is  formed. 

The  lobes  assume  dUfferent  appearancee  :  thus,  they  majtn 
smooth,  or  thick  add  fleshy,  as  in  the  Melon  (fig.  643),  or  fts- 


b*nd  flgun  the  lamtfltt  bti 
ollrn-. /v.  8*4.  Flower 


■Ctwhed  to  itTle,  r,  ot  MgHHiia 


thery,  as  in  many  Grasses  (fig.  696),  or  fringed  or  laciniate,  M 
in  the  Svmm  (fig.  646,  pi). 

When  the  stigmas  are  unit«d,  the  number  of  part*  in  tli0 
compound  stigma  is  usually  indicated  by  radiating  fuiTOWS,  or 
grooves.     When  the  stigmas  unite  and  form  a  compoond  body 


Fig.  646. 


.  Fio.61«. 


W 


? 


Fla.  <•■«.  I.  Psltate  or  itiJeld-ehBped  tUgat  ninnoBDtins  tba  i^U,  r.  of  ■ 

xpedlsa  ci(  ArUltu. /Iq^  MT.  PbtU  ot  OuJbH.    n  Onir.     M.  HI7U. 

liu.  Stlgis*. A;.  MS.  Fktil  ol  Puuj  ( FMa  IHiiiAip).  esl.  B«>MlB«( 

aiyi.    D.  OtU7.    14.  Stfla,  ■nnaonnled  b;  mi  Imlulir  booded  ■Usbs. 

upon  the  top  of  the  style,  which  i*  larger  than  it,  this  oompoani 
stigma  or  head  is  said  to  be  eapUide  ;  and  this  head  m^  bs 
either  globulu',  as  in  Dc^n«  (fig.  647),  or  hemisph^cal,  as  in 
the  Primrose  (fg.  676),  orpoIyhfidTal,  oc  club-thapod,  or  pehats 
or  ehield-abKpia,  »■  in  the  Artrwtut  VM-**'''li»»*-^'*«wVi^- 
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)b  In  the  Violet  (fig,  648),  the  stigma  present!  an  irregular 
odid  appearaQce. 


4.   THX  THALAMUS,  RECEPTArLE,  OR  TORUS. 

mie  extremity  of  the  peduncle  or  pedicel,  or  the  part  of  the 
it  upon  which  the  different  whorls  of  the  flower  are  arranged, 
I  been  variously  distinguished  by  botanists  as  the  thalarwuty 
tftadty  and  iorua.  The  use  of  these  names  indifferently  has 
en  led  to  much  confusion  ;  and  the  uncertainty  is  still  further 
leued  in  consequence  of  the  terms  receptacle  and  torus  being 
D  sometimes  i^yplied  in  a  differeut  sense.  Thus,  that  of  re- 
•tMle  is  employed  in  a  special  manner,  as  already  mentioned 
0)  191),  to  indicate  an  enlarged  peduncle  bearing  a  number 
ioweiB  ;  while  the  term  torus  is  used  by  some  lK>tani8ts  as 
onymous  with  disk  (page  257).  To  prevent  coufunion,  there- 
),  it  would  be  far  better  to  limit  the  terms  receptacle  and  torus 
beir  special  applications  ;  and  to  confine  the  term  thalamus  to 
icate  the  apex  of  the  peduncle  or  pedicel,  or  the  part  of  the 
il  axis  upon  which  the  different  whorls  of  a  solitary  flower 
tmxiffod.  In  this  sense  it  is  used  in  this  volume, 
[n  the  majority  of  plants  the  thalamus  is  a  little  flattened 
■oe  or  point,  and  accordingly  presents  nothing  remarkable  ; 
in  other  plants  it  becomes  mucli  enlarged,  and  then  assumes 
uiety  of  appearances,  and  thus  modifies  to  a  considerable 
nt  ike  form  of  the  flower.  Most  of  these  forms  of  the 
amns  have  been  already  referred  to  (page  26G)  when  describing 
apocarpous  pistil,  but  it  will  be  more  convenient  for  refer- 
».  &c. ,  if  we  now  speak  again  of  these  and  all  other  essential 
ifications.  In  the  species  of  Magnolia^  Liriod&ixdrmi^  and 
ta  of  the  order  Magnoliacete  generally,  the  thalamus  is 
idrical(^.  599,  a) ;  in  plants  abio  of  the  order  Anonacea),  it 
dly  acquures  a  somewhat  similar  form  :  in  the  liaspberry 
601,  0,  and  species  of  BanuiuynhM  {fig.  537)  it  is  conical  ;  in 
Strawberry  {fi/g,  600),  hemispherical ;  in  Nelumhium  (fig.  640, 
),  it  is  a  large  tabuhu:  expansion,  in  which  there  are  a  number 
mtiee  containing  the  separate  carpels.  In  the  Rose  it  forms 
ncavity  upon  which  the  carpels  are  placed  (fi^.  449,  r,  r). 
[nthe  FrimulacesB,  Santalacete,  and  in  all  cases  where  the  pla- 
A  is  free  from  the  wall  of  the  ovary  from  its  earliest  appear- 
»,  the  thalamus  becomes  prolonged  into  the  cavity  of  the  ovary 
forms  the  placenta  (fig.  630).  At  other  times  the  thalamus 
mes  prolonged  beyond  the  ovary,  as  in  the  Oeraniaceie  and 
belliferft) ;  Uiis  prolongation  is  termed  a  carpophore.  In  the 
Ofis  of  Oeranium  (fig.  635,  c),  this  carpophore  forms  a  long 
(•like  process  to  which  the  carpels  are  attached,  and  from  which 
r  separate  when  the  fruit  is  ripe.  In  many  cultivated  flowers, 
f  Uk9  Rote,  ibe  tbMhuaiua  will  irequentlj  aoquire  a  monn^xovA 
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development,  and  bccorne  extended  beyond  the  flower  into  i 
branch  bearing  true  leaves  (jig.  650).  To  thia  prolon|[atioD  of 
the  a.xiB  beyond  the  flower  the  tenu  iRcdtuii  }>roIi^cafi»u  ia  aniDj 
applied. 

In  Rome  plants  the  thalamus  becomes  prolonged  bejondthi 
calyx,  and  forms  a  atalk  to  the  ovary,  to  which  the  tram  Jinw- 


phtirt  has  been  applied  ;  and  upon  thin  itallt  the  stamens  ar 
alsu  commonly  placed,  and  in  some  caaea  the  petals  aa  well 
EzampleB  of  thia  may  be  Been  in  some  of  the  Capparidacefe  (fig 
C51,  thai) ;  in  the  Passion -flower,  the  Pink  (J^  697,  g),  Dictamn* 
{&.619,  h),  and  j:anfAoriftonC%.  fl03,g).  iTiis  prolongation o 
st^k  of  the  ovary  is  by  some  considered  to  be  form^  by  thi 
union  of  the  petit^  of  the  caipBU^\Mne»  ^  li^o^ti  *ibiA  <s«wr 
ia  compoted. 
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Fic;.  652. 


Section  5.    The  Fruit. 

Wb  httve  already  seen  that  the  ovary  has  in  its  interior  one 
or  more  little  OTal  or  roundish  Ixidies  callc<l  oTules,  which  ulti- 
ottely  by  fertilisation  from  the  |)ollen  become  the  sec^ds  (page 
19);  their  description,  therefore,  in  a  regular  arrangement, 
ahonid  follow  that  of  the  OYar>\  It  is,  however,  far  more  conve- 
nioit  to  examine,  in  the  first  place,  the  nature  and  general 
duncters  of  the  fruit,  as  this  is  com]H)8ed  essentially  of  the 
nttture  ovary  or  ovaries,  and  its  description  comes  therefore 
Dtknnlly  at  the  present  time,  when  the  details  connected  with 
tlie  ovary  are  fresh  in  our  memories.  Such  an  arrangement 
ban,  also,  the  further  advantage  of  enabling  us  to  describe  the 
Md  immediately  after  the  ovule,  as  these  two  organs  are,  in 
like  manner,  only  different  conditions  of  one  body. 

Nahtre  of  iht  FruU. — After  the  process  of  fertilisation  has 
been  effected,  important  changes  take  place  in  the  pistil  and 
aommnding  organs  of  the  flower,  the  re- 
sult of  which  is  the  formation  of  the  fruit. 
^  fruit  consists  essentially  of  the  ma- 
'iu<e  ovary  or  ovaries,  containing  the  fer- 
tilised ovule  or  ovules,  which  are  then 
^Qiied  seeds.  Even  the  styles  and  ntig- 
^  mostly  disappear,  but  the  remains  of 
^^  style  frequently  exist  in  the  form  of  a 
ttle  point  on  the  fruit,  which  is  then  com- 
otdy  deacribed  as  apictdate.  Some  traces 
'deed  of  the  style  may  be  usually  observed, 
^  which  we  are  enabled  to  distinguish 
)a]l  fruits  from  seeds  ;  thus,  the  fruits  of 
e  species  of  Ranuftculus,  those  of  Labiate 
lots,  the  Boraginaceae,  Umbelliferee,  and 
bers,  may  be  in  this  way  known  from 
)da.  Generally  speaking,  however,  the 
rie  forms  but  a  very  small  portion  of  the 
lity  the  greater  part  of  it,  together  with 
)  stigma,  dying  away  soon  after  the  pro- 
m  of  fertilisation  has  been  effected  ;  but 
Bome  cases  the  style  is  not  only  persis- 
it  but  continues  to  grow,  and  it  then 
ms  a  lengthened  appendage  to  the 
dty  as  in  the  Travellers- joy  (Juf.  652), 
d  in  the  Pasque-flower  (fii^,  695).  The 
rle  in  these  two  cases  is  also  hairy,  and 
Doe  the  fruit  ia  called  ctmdate  or  taiUd. 
Although  the  fruit  may  thus  be  described  as  consisting  essen- 
XLj  of  the  mature  ovary  or  ovaries,  other  parts  of  the  flower  are 
lo  frequently  present,  dnd  enter  into  its  composition.  Thus,  in 
when  the  adyx.  is  adherent  to  the  ovary,  aR  Va  \]^« 


/•h7.«82.  Fmit  of  theTra- 
VfU«r*#-joy  (lltmatu 
VUalba).  This  (ruit  i^ 
called  an  Achsnium  ; 
it  is  caudate  or  tailod. 
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Apple,  Quince  (Jig.  468),  Pear,  Melon,  and  Gooseberry,  it  nece*: 
sarily  forma  a  part  of  the  fruit ;  in  the  Rose  the  concave  thaW 
muB  (fig.  449,  r,  r),  which  bears  the  carpels  on  iti  inner  snrlMe, 
and  the  adherent  calyx-tube,  ci,  become  a  portion  of  the  fruit ;  ii 
the  Strawberry  (figs,  600  and  656),  the  fruit  oonsiitB  of  the  ne- 
culent  hemispneric  thalamus,  bearing  the  carpels  on  its  oonva 
surface  ;  in  the  Acorn  {fig.  395),  Hazel-nut  (fig.  396),  Filbert^ 
&c..  it  consists  of  pistil,  calyx,  and  bracts,  combined  togethv; 
while  in  the  Pineapple  (fig.  287),  it  b  composed  of  the  OTsriflii 
floral  envelopes,  and  bracts  of  several  flowers  ;  in  the  Fig  dao 
{fig.  401)  we  nave  a  fruit  formed  of  anumbeor  of  separate  flowen 
enclosed  in  a  fleshy  receptacle.  These  examples,  and  a  number 
of  others  might  be  alluded  to,  will  show,  that  although  the  frmt 
consists  essentially  of  the  mature  ovary  or  ovaries,  enclosing  tlw 
fertilised  o^'ule8  or  seeds,  yet  the  term  is  also  applied  to  wha^ 
ever  is  combined  with  the  ovary,  so  as  to  form  a  covering  to 
the  seed  or  seeds. 

Chaiujes  produced  in  the  Chary  in  ike  course  of  its  DcnAap' 
mejit. — The  fruit  being  essentially  the  ovary  in  a  mature  state,  it 
should  correspond  with  it  in  structure.  This  is  the  case  genenlly, 
and  we  find  the  fruit  therefore  consisting  of  the  same  parti  M 
the  ovary,  only  in  a  modified  condition  :  thus,  the  walls  of  the 
ovary  commonly  alter  in  texture,  and  either  become  dry,  meD- 
branous,  coriaceous,  woody,  &c ;  or,  on  the  contrary,  more  ot 
less  pulpy,  fleshy,  &c. 

At  other  times  more  important  changes  take  place  durinv  the 
ripening  of  the  ovary,  which  disguise  the  real  stnictnre  of  the 
fruit.  These  changes  either  arise  from  the  addition,  abovtioB, 
or  alteration  of  parts.  Thus,  1st.  The  addition  of  parts  is  com- 
monly produced  by  the  formation  of  the  spurious  dlssepimenti 
already  alluded  to.  In  DcUura  Stramonium^  for  instanoe,  we 
have  a  two-colled  ovary  converted  into  an  imperfectly  fonr-ceUed 
fruit  by  the  formation  of  a  spurious  vertical  dissepiment  {figt 
611  and  612) ;  this  dissepiment  appears  to  be  formea  by  the  pro- 
jection of  the  placentas  on  the  two  sides  which  meet  and  he- 
come  united  to  corresponding  projections  from  the  dorsal  sutnrei. 
In  (kuutia  Fidnlay  as^n  (fig.  609),  and  some  other  fruits  of  t 
similar  nature,  we  have  a  one-celled  ovaiy  converted  into  s 
many-celled  fruit  by  the  formation  of  a  number  of  transvBne 
dissepiments.  In  Prttrea  zangucharica^  a  one-celled  ovary  ii 
converted  into  a  six-celled  fruit  (fig.  653),  bv  an  extension  and 
doubling  inwards  of  the  placenta.  In  TrUnUug  ferrealfit  the 
ovary  is  flve-celled ;  but  as  it  approaches  to  maturity,  eadi 
cell  (figs.  654  and  655)  becomes  divided  into  as  many  diviaioDt 
as  there  are  seeds  contained  within  it,  in  consequence  of  a 
corresponding  number  of  projections  from  its  \ml8.  Other 
examples  of  the  formation  of  spurious  dissepimenta  producing 
changes  in  the  ovary  have  been  already  mentioned  when  speak- 
ing  of  these  proceases  (aee  pag^Tfi^  sxATiK^^ 
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.  Sod.  Other  »lteratioiu  »re  produced  by  the  abortion  or  ol>- 
Stantion  of  p&rts,  sb  the  ovary  ripens.  Tliiia  the  ov«ry  of  the 
Oak  Hid  Hazel,  coniiBts  uf  thive  culls,  encli  of  which  oiutaina 
tmnulea,  but  the  fruit  has  only  one  cell  and  ime  suud,  ro  ttuit 
ii  tbs  cuune  of  develupment  Qve  ovult^  and  one  coll  have 
bMoiie  oblitorftted.  In  the  Bircli  we  have  an  uvoiy  with  two 
9  ovule  in  each,  but  the  fruit  in  one-celled 
lotliatlierv  one  cell  and  one  ovule  havel)eco)ue 


la  the  Axh,  HorsechtsHtuut,  Klin,  and  niauy  other 
phnti,  umilftT  changes  are  |irodiiced  in  the  ovary  by  the  abortion 
doUiteratioD  of  certain  i>»rtB. 


ftir.aJ.  TmiBTefV  w ..__.    .        .  ..^ _.    . .   _ 

Uatlej. n/-  «M.  A  fertiml  wctdnii  uf  ■  c^ll  oT  thr  oviiry  c>f  THInaia 

DwnctngtoKiiantfthtmili*. Fta.tK.  A  Ti'rlioil  Mfliun ol ■  evil  nf 

tkemmtoRanrr  ca- fruit  ol  tlK  ntiK.fnKhirli  Uu  iwiIiIkiI'I,  r,  cuiDplcl«l> 
KiHkU  the  iBHli,  g. Fl^.  «M.  Fruit  ol  tlic  lilnwiicn?. 

Srd.  Other  changes  u«  prudiiced  in  the  ovary  na  it  proceeds 
matority,  in  conieiiiience  of  the  alteration  of  parts,  an,  for 
itance,  a  great  development  uf  succulent  iiarenchyuja.  Thus, 
already  noticed,  the  thalaniuR  of  the  strawberry  {.ri</.  1)00) 
aiinea  enlarged  and  HUcculent,  aiid  forms  vbat  in  couiinonly 
tned  the  fruit,  but  the  real  fruit  cousista  of  the  small  dry 
■pels  which  are  scattered  over  its  surface  {Jig-  l!6ti).  Tlie  pulp 
the  Ouava,  Gooseberry,  Tomato,  and  some  other  fruits,  in 
jch  the  seeds  are  imbedded,  appears  to  be  produced  from  the 
icentaa  ;  and  that  of  the  Orange  is  uf  a  similar  nature. 

From  the  above  examples  it  will  be  evident  that,  although 
I  froit  consists  esMutiaUy  of  the  mature  ovary  or  ovaries,  yet 


qaaitfy 


the  prcwTeu  of  the  latter  towards  maturity  it  beeomes 
iDofi  mitered  /nun  ifa  original  structure,  so  ttwA  m 
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orderto  have  a  clear  idea  of  the  nature  of  the  fruit,  it  is  ilnJK^^ 
tant  to  examine  that  of  the  ovary,  and  trace  its  development  up 
to  the  fruit. 

General  CHARACTEK8  of  the  Fbtjit. — The  structure  of  tb 
fruit  resembling  in  all  imi>ortant  particulars  that  of  the  omy, 
the  modifications  which  it  presents,  as  to  composition,  posUiai, 
&Cn ,  are  described  by  similar  terms.  Thus  we  may  have  dmjk 
and  cftmpownd  fruits,  as  also  apocarptyiis  and  syitcAtrpous  oobl 
Simple  fruits,  like  simple  ovaries,  are  normally  uniUtciUnr ;  vUk 
a  compound  fruit  may  have  one  or  more  cells,  according  as  tke 
dissepiments  are  absent  or  present,  and  the  number  of  ceUik 
indicated  by  similar  terms  to  those  used  when  speaking  of  tke 
compound  ovary  (page  268). 

The  fruitf  like  the  ovary,  necessarily  possesses  a  placoiia, 
to  which  the  seeds  are  attached  ;  and  the  same  terms  m 
used  in  describing  the  different  kinds  of  placentation,  as  with 
those  of  the  ovary  ;  these  kinds  are  usually  more  evident  ii 
the  fruit. 

The  fruit,  again,  is  described  as  mperior  or  it\fer%orf  in  ihs 
same  sense  as  these  terms  are  used  in  speaking  of  the  ovirf. 
ThuH  a  fruit  is  inferior,  when  it  is  formed  from  an  inferioroTUj) 
in  which  case  the  calyx  necessarily  enters  into  its  oompositioB, 
as  in  the  Melon,  Apple,  Pear,  snd  Quince  {Jig.  468) ;  or  itii 
superior,  as  in  the  Poppy  {fig-  31)  and  Pea  {Jig.  (i63),  whm 
the  ovary  is  superior,  and  the  calyx  non-adherent. 

The  base  of  the  fruit  is  that  point  by  which  it  is  united  to 
the  thalamus  ;  the  apex  is  indicated  by  the  attachment  of  the 
style,  hence  in  those  ovaries  where  the  style  is  lateral  or  basilar, 
as  in  many  Rosaceie  {Jiya.  633  and  034),  Labiat®  {Jig.  604),  and 
Boraginaccft)  {Jig.  605),  the  organic  apex  of  the  fruit  will  be  also 
thus  situated,  so  that  the  geometrical  and  organic  apices  wiU  then 
be  very  different. 

Pebkurp. — The  fruit  when  perfectly  formed  consists  of  two 
parts  ;  namely,  the  shell  or  pericarp^  and  the  seed  or  seeds  con- 
tained within  it.     In  the  majority  of  cases  the  pericarp  withexB, 
and  the  fruit  does  not  ripen,  when  the  seeds  are  abortive.    Bat 
there   are  many  exceptions  to  this  ;  thus,  many  Oranges  and 
Grapes  produce  no  seeds,  but  the  pericarp  is  nevertheless  fully 
developed  ;  and  in  the  Bananas,  Plantains,  and  Bread-fruit,  the 
pericarps  develope  most  extensively,  and  become  best  adapted 
for  food,  when  the  seeds  are  chiefly  abortive.     Grenerally  spesk- 
ing,  however,  the  development  of  the  seeds  and  pericarp  pro- 
ceeds together  after  the  process  of  fertilisation  has  been  effected, 
and  then  only  perfect  fruit  can  bo  formed ;  for  although  in  com- 
mon language  we  apply  the  term  fruit  in  those  instances  when 
no  seeds  are  produced,  yet  strictly  speaking  such  are  not  fully 
formed  fruits,  but  only  enlarged  and  swollen  pericarj^s. 

Having  now  alluded  to  the  seeds  as  a  component  part  of  the 
perfect  fruit,  we  must  leave  tVievx  '^x^A&xi^as  ^lAaaoSsA^iLsn^till 
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oome  acquainted  with  the  structure  of  the  ovules,  and 
id,  therefore,  to  the  description  of  the  pericarp. 
Uicn  of  the  Pericarp. — In  the  majority  of  fruits  the 
onstB  simply  of  the  walls  of  the  ovary  in  a  modified 
,  when  the  calyx  is  adherent,  it  necessarily  presents  a 
licated  structure.  The  pericarp  exhibits  three  layers 
(fy.  690),  an  external,  called  the  epirarp  or  e^t)cnrpy 
lie,  the  mesocarpy  mt  ;  and  an  inner,  the  eiulocarp^  en. 
le  layer,  being  frequently  of  a  fleshy  or  succulent 
ibo  then  termed  the  mrcotarp  ;  while  the  inner  layer, 
idnesB  in  some  fruits,  is  likewise  called  the  d<rtie  or 
When  the  pericarp  consists  simply  of  the  matured 
le  ovary,  its  three  parts  correspond  to  the  three  pa- 
ons  layers  of  the  lamina  of  the  carpellary  leaf  :  thus, 
}  represents  the  epidermis  of  the  under  surface,  or 
le  outer  surface  of  the  ovary  ;  the  mesocarp  corre- 
be  general  parenchyma  of  the  lamina,  or  of  that  of  the 
1  the  endocarp  to  the  epidermis  of  the  upper  surface, 
uer  lining  of  the  ovary.  When  the  calyx  is  completely 
the  ovary,  the  relation  of  paits  must  necessarily 
probably  somewhat  vary  according  to  circumstances, 
le  Apple,  which  we  may  take  as  an  illustration  of  an 
lit,  the  epicarp  corresponds  to  the  epidermis  of  the 
ace  of  the  calyx  ;  the  mesocarp  to  the  rest  of  the 
the  whole  of  the  ovary  except  the  inner  lining, 
responds  to  the  endocarp.  The  parenchyma  of  the 
hat  of  the  ovary  and  the  lamina  of  a  leaf,  is  traversed 
scalar  tissue. 

Fig.  Go7. 


J7.  Foliaceoas  bladdcrj- legxirae  of  the  Bladder  Senna  (Co/i/^ra 

arix'reseens), 

i  cases  the  pericarp  clearly  indicates  its  analogy  to  the 
remaining  in  a  condition  not  very  dissimilar  to  that 
leaf  folded  inwards  and  united  by  its  margins,  as  in 
r  Senna  {Jig.  657)  ;  such  a  fruit  is  described  2a  foliar- 
fy.  Generally  speaking,  however,  one  or  more  of  the 
e  pericarp  become  more  developed,  by  which  its  re- 
to  the  lamina  of  a  leaf  is  rendered  much  less  evident, 
p  usually  retains  an  epidermal  appearance,  suffering 
uiADge,  except  in  becoming  slightly  thickened.  The 
I  more  liable  to  alteration,  and  frequently  differs 
^peuruice  from  the  corresponding  pai*!  of  the  Wxnxitb 
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of  a  leaf  or  ovary  ;  thus,  its  cells  sometimes  become  hardened 
by  thickening  layers  in  its  interior  and  form  a  stony  8h«U 
Burroiinding  the  seed,  which  is  called  the  imfnmen.  The  iiieio- 
carp  is  however  the  layer  which  commonly  presents  the  greaiflit 
development,  and  differs  most  in  appearance  and  texture  from 
the  general  parenchyma  of  the  lamina  of  a  leaf. 

The  above  rcmarkM  will  be  rendered  more  intelligible  by 
being  illustrated  by  a  few  examples  taken  from  weU-kiuywA 
fruits.     Thus  in  the  Peach,  Apricot,  Cherry,  Plum,  and  moit 
other  dru])aceou8  fruits  (page  303),  the  separable  skin  ifl  tiw 
epicarp ;  the  pulpy  part,  which  is  eaten,  the  mesocarp  or  uno- 
carp ;  and  the  stone  enclosing  the  seed,  the  endocarp  or  pati- 
men.      In  the   Almond,    the  seed    is    enveloped  by  a  this 
woody  shell,   constituting  the  endocaq),  which  is  itself  nn^ 
rounded    by    a    thin  green    layer,    formed  of  Uie  combined 
mesocarp  and  epicaq).     In  the  Apple  and  Pear,  the  skin  ii  tke 
epicarp  ;  the  fleshy  part,  which  is  eaten,  the  mesocarp  or  ll^ 
cocar[) ;  and  the  core  containing  the  seeds,  the  endocarp.   A 
similar  disposition  of  parts  occurs  in  the  Medlar,  except  thit 
here  the  core  becomes  of  a  stony  nature.     In  the  Date,  the  outer 
brownish  skin  is  the  epicarx> ;  the  thin  paper-like  layer  en- 
closing the  seed  is  the  endocarp ;  and  the  intermediate  pulpy 
part  is  the  mesocarp  or  sarcocarp.     In  the  Walnut,  the  woodr 
shell  enveloping  the  seed,  which  is  commonly  termed  the  nut,  it 
the  endocarp  ;  and  the  green  covering  of  this,  caUed  the  huik, 
consists  of  the  mesocarp  and  epicarp  combined.     In  the  Orange, 
tlie  outer  separable  rind  is  composed  of  the  mesocarp  and  epicarp ; 
and  the  thin  membranous  partitions  which  divide  the  pulp  into 
separate  portions  form  the  endocarp  ;  the  edible  pnip  itself 
is   a   development  of  succulent  parenchyma  from   the  inner 
lining  of  the    ovary,    or   probably  from   the   placentas  only. 
In   the  a]>ove  fruits,  and  numerous  others  might  be  quoted, 
the  different  layers  of  the  pericarp  are  more  or  less  evident ;  bnt 
in  some  fruits,  as  in  the  Nut,  these  layers  become  so  blended, 
that  it  is  difficult,  if  not  impossible,  to  distinguish  them.     Tbn 
examples  of  fruits  now  mentioned,  together  with   those  pre- 
viously alluded  to,  will  show  in  a  striking  manner  the  very 
varying  nature  and  origin  of  the  parts  which  are  commonly  eaten. 

ISutures. — In  describing  the  structure  of  the  carpel,  we  found 
that  the  ovary  presented  two  sutures  (page  259)  ;  one  of  whidi, 
called  the  ventral  suture,  corresponded  to  the  union  of  the  mar- 
gins of  the  lamina  of  the  car]:>ellary  leaf,  and  was  consequently 
turned  towards  the  axis  or  centre  of  the  flower  ;  and  the  other, 
t^^rmed  the  dorsal  suture,  corresponding  to  the  midrib  of  the^ 
lamina,  which  was  directed  towards  its  circumference.  The 
simple  fruit  being  formed,  in  most  cases,  essentially  of  the  mature 
ovary,  also  presents  two  sutures,  which  are  distinguished  by 
similar  names.  These,  like  those  of  the  ovary,  majF  be  frequently 
distinguished  externally,  eil^iet \>>^  «i  moT«oT\«A&'${t^\^Kfd&%\a2^ 
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ffby  t slight  ftim^w ;  thus  in  the  Peach  (^fifj.  G88),  Chorrj,  Phini, 
lad  Apricot,  the  ventral  .suture  is  very  evident,  although  the 
kmd  suture  has  become  nearly  effaced  ;  while  in  the  iiladder 
ienna  {jig.  057),  Pea,  and  other  fruitn  of  the  Legiiniinosie, 
lotb  dorsal  and  ventral  sutures  are  clearly  \iAible  externally. 

Id  a  compound  ovary  ^th  two  or  more  cells,  in  which  the 
ibosntition  isaxile,  it  lauHt  be  evident,  of  course,  that  the  dorsal 
■tares  can  alone  be  observed  externally,  as  the  ventral  sutures 
I  the  component  ovaries  are  turned  towanis,  and  meet  in  the  axis 
I  the  flower,  and  are  hence  removed  from  view  ;  it  follows  also 
lot  the  number  of  dorsal  sutures  will  neces»arily  correH]Kmd  to  the 
mmber  of  compfment  ovaries  of  which  such  an  ovary  is  formed. 
A  s  fruit  presentin;^  similar  characters,  we  tind  of  course  a 
imikr  disposition  of  the  sutures.  When  an  ovary,  on  the  con- 
1117,  is  formed  of  the  blatles  of  two  or  more  car]>ellary  leaves, 
he  margins  of  which  are  not  inflected,  or  only  partially  so,  and 
henlbre  one-celled,  and  the  placentaticm  (varietal  or  free  centra], 
)oth  ventral  and  dorsal  sutures  may  l>e  observed  externally 
Hanating  with  each  other.  The  fruit,  which  is  foniied  in 
floiilar  manner,  necessarily  pi*esents  a  similar  alternation  of 
^  lotures  on  its  external  surface. 

Ikkuceitce. — The  i»ericarp  at  varying  i>eriods,  but  commonly 
hea  the  fruit  is  rii>e,  either  ojiens,  so  as  to  allow  the  seed  or 
eds  to  escape;  or  it  remains  closed,  and  the  seeds  can  then  only 
tome  free  by  its  decay.  In  the  former  case  the  fruit  is  said  to 
dehiscent ;  in  the  latter,  iiiflthi4f«'f.7tt.  Those  fruits,  such  as 
i  Nut,  Cherry,  Apricot,  Plum,  and  Date,  which  have  very 
rd  or  fleshy  i^ericarps,  are  usually  iii<lehiscent. 

Dehiscent  fruits  oihju  in  various  ways  : — Ist.  By  splitting 
igitudinally  in  the  line  of  one  or  both  of  the  sutures  ;  cir  at 
(junction  of  the  cominment  ovanes  only  ;  or  at  these  points 
well  as  at  the  dorsiil  sutures.  In  all  the  above  cases  the 
cefl  into  which  the  fruit  sepni-ates  are  called  valresy  and  these 
ves,  when  the  fruit  is  normal  in  its  structure,  are  either 
ud  in  number  to  the  cells,  or  comiM>nent  ovaries,  or  they  are 
,ce  as  numerous.  Thug  in  fruits  foniied  of  a  single  caqiel 
ovary,  whicli  only  open  by  the  ventnal  or  dorsal  suture,  there 
1  be  only  one  valve  {jig.  (Hil),  corresponding  to  the  one  ovary, 
itn  one  cell  ;  but  if  the  carpels  oi)en  by  both  sutures  {ji<j. 
\)y  there  will  be  two  valves.  In  fruits  fca-med  of  compound 
iries  composed  of  several  cells,  the  valves  will  be  e<pial  in 
mber  to  the  cells,  or  C(miiK>nent  ovaries,  if  the  dehiscence 
[y  takes  place  by  the  dorsal  suture  (Jiffi^.  6C7-(M>1»),  or  in  the 
e  of  union  of  the  component  < ►varies  (Ji'js.  (504-00(5) ;  or  they 
1  be  double  the  number,  if  the  dehiscence  takes  place  by 
th  these  parts.  In  compound  one-celled  fruits,  the  valves  will 
equal  in  number  to  the  com]Kment  ovaries,  if  the  dehiscence 
am  only  by  the  ventral  (^/;.  tJ'^o)  t»r  dorsal  sutures  (yi</. 
9);  €^  double  the  nuwber,  if  by  htdh  sutures.     AN' lien  t\veTO 
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is  ft  distinct  aiia  left  after  the  leparation  of  the  vklvea,  lUiii 
called  the  cdumrUa  {figi.  670,  n,  and  671,  a).  According  to  tti 
number  of  valveB,  the  fruit  is  described  as  iMtitoJcuIar  or  tm^ 
volreil,  hitcdmilar  or  t^ru-nalr^d,  irvoatvalar  or  thrtt-vdtti,  v 
mitllivnlviilar  or  Tnany-valreit. 

2nd.  Dehiscence,  instead  of  taking  place  longitudinall;,  «til 
a  valvular  manner,  sometimes  occura  in  a  tranaverae  direction 
by  which  the  upper  part  of  the  fruit  separates  from  thelotv 
like  the  lid  from  a  jar  or  box.  And  3rd.  It  majtake  place  inn 
irregvilar  manner  by  little  pores.  We  have  thus  three  kindis 
clasaeH  of  dehiscence,  which  are  called  respectively  :— 1.  K«b«- 
lar ;  2.  Trtnisverie  or  Cireiinueiuik  ;  and  3.  Porotw. 


Fn;.  C5«. 


Fir.  fiftH, 


Fio.  G60. 


plKcnts  bT  ■  iButculiB 


1.  Valvplar  Dehikcknce.— This  may  bo  either  p«rtial  o 
complete  ;   thus,  in  l>i<mthun  l,]5g,  ?fta\  l/^ii.\s  \,fq,  tHG 
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ui  mny  other  Caryophyllaceous  plants,  the  dehiBcence  only 
iikm  place  at  the  upper  part  uf  the  fruit,  which  then  ap]:>ear8 
loodied,  the  number  of  teeth  corresponding  to  that  of  the  valves 
ii  eomplete  dehiscence.  A  somewhat  similar  mixle  of  partial 
UuceDce  oocurs  in  certain  Saxifrages,  and  in  th^  Mignonette 
[fg,  660)  ;  in  the  latter  plant  one  large  orifice  may  be  observed 
i  tiie  summit  of  the  fruit  at  an  early  stage  of  its  growth,  and 
long  before  the  seeds  are  ripe.  At  other  times  tlie  separation 
of  tiM  fruit  into  valves  is  more  or  less  complete,  so  that  the 
Htnre  of  the  dehiscence  is  at  once  evident.  There  are  various 
■odifications  of  these  complete  forms  of  valvular  dehiscence. 
Ibii,  in  fruits  which  are  formed  of  but  one  carpel  or  ovary,  the 
Wioence  may  take  place  by  the  ventral  suture  only,  as  in  the 
HeDebore,  Ck>lumbine  {Jig.  601),  and  Aconite  {fitf.  Gt)3);  or 
by  tlie  dorsal  suture  only,  as  in  some  Magnolias  (Juj.  ii(a2)  ;  or 
l^both  dorsal  and  ventral  sutures,  as  in  the  Pea  (./i(/.G03),  Bean, 
and  msny  other  Leguminous  plants.  This  form  of  deliiscence 
ii  commonly  known  as  mtural. 

In  compound  fruits  having  two  or  more  cells,  and  therefore 
with  axile  placentation,  there  are  tliree  ])rinci|>al  kinds  of  dehis- 
Miee,  which  are  called  respectively,  aepticiilal,  loculicidal,  and 
ftptrifragal. 

A.  Septicukil  Dehiscejice. — In  this  the  fruit  is  separated  into 
ts  component  ovaries  or  carpels,  by  a  division  taking  place 


Fio.  664. 


Fio.  6G5. 


Fio.  666. 


KK) 


Fig.  664.  CapAtile  of  thn  Mcndow  Saffron  {ColchU 
cum  aHtumnalt),  showing  i*e|)ticidal  dehiscence. 

Ftg.  6U0.  Diagram  of  Bei)ticidal  deliiscence 

showing  the  placentas  and  seeds  carried  away 

with  the  valves. Fig.  666.  Diagram  of  septi- 

cidal  dehiscence,  showing  the  valves  breaking 
away  from  u  uniral  culnmu  formed  by  the 
union  of  the  placeuuts. 


tween  the  two  halves  of  each  dissepiment  (figs.  664-66C).  Ex- 
iples  may  be  seen  in  the  CokJwum  and  Bliododendron.  Here 
gSi  Talve  corresponds  to  an  ovary  or  carpel,  and  the  valves  are 
id  to  hAve  their  margins  tamed  inwards.     lu  thia  deVv\«C!iSik»& 
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the  placentas  with  the  seeds  attached  are  either  carried  avq 
with  the  valveH  {fig.  665),  tA  in  the  Colchieum  ;  or  the  vilm 
break  avay  from  the  pIscentBB,  which  remain  united  and  (an 
a  central  column  (Ji</.  666). 

B.  Locvlitidal  lMhi»cf  n/x.—Tbie  ia  said  to  occur  vhentlA 
carpel  or  ovary  opens  by  its  dorsal  suture,  or  through  the  bwk 
of  the  cells,  the  dissepiments  remaining  undivided  (figi.  VI- 
669).  Here  each  valve  is  composed  of  the  united  halves  of  twa 
adjoining  ovaries  or  carpels,  and  the  valves  are  said  to  beartkt 
dissepiments  in  the  middle.  Examples  may  be  seen  in  thsliii 
(jfcf.  7U6)  and  HUriac^ii  (fig.  667).     As  in  septicidal  dehiiccncs 


the  valves  may  either  carry  the  placentas  and  seeds  with  then 
(fi(l.  GfiS),  as  in  the  HibUcua  and  Iria  :  or  they  may  break  awa} 
from  the  placentas,  and  leave  them  united  in  the  form  of  i 
central  column  (fig.  669) ;  or  each  ovary  may  simply  open  at  iti 
dorsal  suture,  and  the  valves  bearing  the  diasepiniente  may  re 
main  attached  to  the  placentas. 

In  some  forms  of  septicidal  dehiscence  the  ovaries  or  carpal) 
separate  nrithout  opeuii^,  as  in  the  Digilalu,  in  which  caae  the] 
msj  afterwards  upenb;^<siTdinw\«\A\ix«K,^^ia^.Sk,>&>.lsy:ulicida. 


TALTUUB  DEHISCBKCB. — SEPTIFBAOAL.  297 

■uuHT.  In  other  cues  the  axis  U  prolunged  in  the  fiinn  uf  k 
CDhmeUi  or  carpophore,  m  in  the  AluUow  aud  Castor  Oil  PlaJit 
{/if.  870,  o),  uid  in  the  GeraniftCBiB  (>/.  «71, »),  and  Uml>elii(eMe 
(fflW),  and  the  carpels  which  are  united  to  it  also  se]>uTato 
wiboai  their  oTariea  openin({.  The  ovariea  of  auch  caqieU 
frtqiimUj  open  afterwurils  bj  their  doraalHUtures  (Jig.  UTO,  fl). 
Vliaiiach  carpels  separate  with  a  certain  amount  nf  claHticity 
hm  theaxiH  to  which  tlief  are  HttocheU,  as  in  suinu  Eiiphorbi- 
•ow,  tiiey  have  been  called  r.if'-i  (Jiij.  C70,  r,  r,  r).  By  soma 
botuists,  all  carpels  which  thiut  separate  fmiu  the  oiis  in  a 
■ptiadal  manner  are  termed  •wi-i,  and  the  fruit  is  de^tL-ribed  as 
dggcctttu,  fricvrwiu,  &c.,  acc<>nlin){  to  their  number.  In  certain 
biiti,  luch  as  tiiuse  of  the  Lin'tm  culhartifiim,  the  ovariea  (ij>eii 
bitbj  their  dorsal  suture,  and  then  separate  from  each  other 
ID  1  Hpticidal  manner. 

Some  botanists  call  all  fruits,  the  carpels  of  which  separate 
Anni  one  another  without  ojiuning — irJii^uc-ir/n  ;  and  term  their 
compDiieDt  carpehi  eiicrA  if  there  arc  more  than  two,  ur  if  only 
two  in  number— 


Fio.  67J, 


Fio.  674. 


C.  S^ifragal  Dfhitefnee.—In  tliia  form  of  dehiscence  the 
ovariea  or  carpels  open  by  their  dorsal  sutures,  as  in  loculicidal 
dehiacence,  and  at  tiie  same  time  the  dissepiments  separate  from 
tbewal}M*Bdranuu'a  united  to  each  otlier  and  to  the  ajuB  (Jigs.  'Sil 


*J'J^ 
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and  <>73),  wliich  in  tliis  case  is  genenilly  more  or  less  prolonged. 
Here  ejich  valve  is  composed  of  the  two  halves  of  adjoiuiiig 
ovaries.  This  fonn  of  dehiscence  may  be  seen  in  the  Datura  {jia. 
074),  and  Cedn-I<i  (fi<f,  072).  The  placentas  bearing  the  SMdi 
are  here  attached  to  the  axis,  a,  between  the  dissepiments,  c,c 
In  com]>ound  fruits  with  one  cell  having  parietal  or  free  eo- 
tral  jilacentation,  we  have  two  forms  of  dehiscence  ;  these  in 
analogous  to  the  ordinary  septicidal  and  locnlicidal  kinds  jiMt 
described.  Thus,  in  compound  fruits  w^ith  parietal  placentatioB, 
the  dehiscence  may  take  place  either  through  tne  oonflimt 
margins  or  sutures  of  the  adjoining  ovaries  or  carpels,  sothift 
each  placenta  is  divided  into  its  two  lamelLe,  as  in  the  (jentin 
iJ^'J-  ^75),  in  which  case  the  dehiscence  is  analogous  to  the 


Fio.  C75. 


Fig.  67G. 


Fig.  677.       Fig.  «78L 


/'ij7.  675.  Fruit  of  a  Gentian  dehiscing  In  a  septi- 

ciflal  manner. Fig.  676.  Fruit  of  Hoartaeatie 

( Violatneolor).  debixoiiiK  in  a  loculicidal  manner. 

Fig.  677.  Fruit  «ir  siiiqua  of  the  Wallflower, 

showing  the  w])umtion  of  two  valves  from  the  re- 
plum. Fig.  (S78.    Fruit  of  C(;lan«Hne  {Chrll- 

donium  mtijux),  with  the  valves  M'i«mting  fn>ni 
the  plocentiiH. 


se]>ticidal  fonn,  and  each  valve,  therefore,  represents  one  of  the 
component  ovaries  or  carpels  of  the  fruit ;  or  the  dehiscence  msy 
take  place  through  the  dorsal  sutures,  as  in  the  HeartseiM 
(fyf.  070),  in  which  case  it  is  analogous  to  the  loculicidal  form  of 
(leliiscence,  and  each  valve  is  composed  of  the  adjoining  halves  of 
two  ovaries  or  carx>el8.  These  forms  way  be  readUy  distinguished 
by  the  varying  attachment  of  the  x^lacentas  and  seeds  in  the  two 
cases  ;  thus,  in  the  former  instance,  each  valve  will  bear  the 
placentas  and  seeds  on  its  two  margins  {Jig.  675),  and  the  valree 
are  said  to  be  pUicentifertnis  at  tlwir  borders ;  in  the  latter,  the 
placenta  and  seeds  will  be  attached  fx>  the  centre  of  each  valve 
(Ji<f.  070),  and  the  valves  are  then  said  tohe ploixniifennu in  their 
middle.  It  sometimes  ha\ipen8,  as  in  the  fruit  of  the  Chdidonium 
{fig.  078),  and  WaMowet  (.jUj.  \ri";^,V\«X>^MBi^^mafeTL\»^  Vmacui^ 
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I  femmin  nndivided,  and  tlie  valves  break  away  from  tlieiu, 
]|0J  are  left  attached  to  a  frame  or  re/Aum  (imge  270). 
mpoiind  fruits  with  a  free  central  placentation,  the  fMune 
'  dehiscence  occur  as  in  those  with  i)arietal  placentation, 
e  it  IB  difficult  in  many  cases  to  sjjeak  positively  aH  to 
me  of  the  dehiscence  from  the  absence  of  seeds  or  dis- 
ts  upon  the  valves.    Tlie  nieauA  usually  adopted  in  such 

to  count  the  number  of  the  valves  and  com))aru  their 
with  the  sepals  or  divisions  of  the  calyx.  Thus,  as  the 
;  whorls  of  the  flower  in  a  regular  arrangement  alternate 
sh  other,  the  component  carjK'ls  or  ovaries  uf  the  fruit 
dtemate  with  the  divisions  or  8ei>als  of  the  calyx.  If 
;  therefore  scimrates  into  as  many  jiortiouB  as  there  are 
sepals  to  the  calyx,  and  if  these  valves  are  tlien  placed 
)  to  them,  they  represent  the  comi>onent  carpels  or 
and  the  dehiscence  is  consequently  analogous  to  the 
I  form ;  if,  cm  the  contrary,  the  valves  ai^e  et^ual  and 
to  the  sepals  or  divisions  of  the  culy x,  each  valve  is  com- 
the  adjoining  halves  of  two  ovaries  or  carpels,  and  the 
ce  is  analogous  to  the  loculicidul  form.  Sometiuies  the 
of  valves  is  double  that  of  the  csdycine  segments  or 
1  which  case  each  valve  is  foimed  of  half  an  ovary  or 
le  dehiscence  of  the  fruit  having  token  place  both  by  its 
d  ventral  sutures. 

the  above  varieties  of  valvular  dehiscence,  the  separa- 

either  take  place  from  above  downwards,  which  is  by 
lore  usual  form  (Jifis.  664,  607,  672,  and  674) ;  or  occa- 
brctm  below  upwards,  as  in  the  Celandine  (Jiy.  678),  and 
Jy  in  Cruciferous  plants  {Juj.  677). 
;JlKsveiihe  or  Ciiux'msc'ih8ile  Deuihcenck. — In  this 
lehiscence  the  opening  takes  place  by  a  transverse  line 
^e  fruit  across  the  sutures,  so  that 
r  part  is  separated  fiom  the  lower 

lid  of  a  jar  or  box,  as  in  Hyoiwya- 
679)  and  AnagnllU  (Jig.  702).  'Soiiie- 
>  dehiscence  only  takes  place  half 
e  fruit,  as  in  Jefferso^nu,  in  which 
id  remains  attached  to  the  |>ericari) 
de,  as  by  a  hinge.  The  fruits  which 
;ransverse  dehiscence  may  be  sup- 
be  formed  either  of  caq>elhiry  leaver 
the  laminui  are  articulated  to  tlie 
as  in  the  Orange  (Juj.  315),  and 
oome  separated  at  the  point  of  arti- 
■o  that  the  united  petioles  form  the 
t  of  the  fruit,  and  the  united  laminn) 
r ;  or  they  may  result  from  the  prt»- 

and  hoUowing  out  of  the  tlialauius,  and  the  articula- 
9  cvpeUary  Jeavea  to  its  circumference,  so  that  in  Wvft 


Fio.  (\79. 


Fi{i 


679.    Fruit    of 

fiiiM)  with  truiui- 
verse  (lohiaoence. 
This  fniit  id  torm- 
wl  a  pyxis,  which 
is  the  name  giveu 
to  a  oapnole  with 
transTexHc'  dchis- 
cenoc  (page  808). 
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dehiscence  the  lower  port  of  the  fruit  is  fonned  by  the  concaTe 
thalamus,  and  the  upper  part  by  the  carpellary  leaves ;  thus  re- 
sembling the  separation  of  the  calyx  in  EschachoLtsia  (page  222]^ 
from  the  thalamus. 

In  the  Monkey-pot  {ji^,  680),  the  lower  part  of  the  ovuy  ■ 
adherent  to  the  tube  of  the  calyx,  and  the  upper  portion  iafim; 
and  when  dehiscence  takes  place,  it  doesso  in  a  transverse  maoiMr 
and  at  the  part  where  the  upi>er  free  portion  joins  the  knrar 
adherent  one,  so  that  it  would  appear  as  if  the  adherence  of  the 
calyx  had  some  effect  in  this  case  in  producing  the  transfene 
dehiscence.  Such  fruits  are  sometimes  called  optrc^iUxte,  a  tenn 
which  is  also  applied  by  other  botanists  to  all  forms  of  tnns- 
vei'se  dehiscence  in  which  the  upper  portion  of  the  pericirp 
separates  from  the  lower  in  the  form  of  a  lid  or  optrcxdum. 


Fig.  680. 


Fio.  681. 


Ml 


Fig,  680.  Pyxfa  of 
the  Vonkey-pofc 
{UcgthiM      oUa- 

Ha). Fig.m. 

Lomentum  of  a 
species  of  Hrdf- 
•arum  aepenting 
tmnareieely  into 
one-aeeded  por- 
tions. 


Transverse  dehiscence  may  also  occur  in  fruit«  which  ai* 
formed  by  a  single  ovary  or  carpel,  as  well  as  in  the  compoond 
ones  mentioned  above.     Thus,  the  legumes  of  CoronUla,  Heif 
mrnni  {fig.  081),  Omitlvoyus,  «&c.,  separate  when  ripe  into  M 
many  portions  as  there  are  seeds.     The  separation  taking  pboe 
in  these  cases  has  been  supposed  to  be  effected  by  a  prooeM 
called  solubility.    Some  botanists  regard  such  legumes  as  formed 
of  folded  pinnate  carpellary  leaves  analogous  to  the  ordinary 
pinnate  leaves  of  the  same  plants,  the  divisions  taking  place  iX 
the  ijoints  of  union  of  the  different  pairs  of  pinnso. 

3.  PoKou.s  Dehiscence.  — This  is  an  irregular  kind  of  dehii- 
cence,  in  which  the  fruits  open  by  little  pores  or  slits  formed  in 
their  pericarps  by  a  process  called  mpturiiyg.  These  openingi 
may  be  either  situated  at  the  apex,  side,  or  base  of  the  froit| 
hence  they  are  described  accordingly,  as  opictilar,  laieral^  or 
basilar.  Examples  of  this  kind  of  dehiscence  occur  in  the 
Poppy  {fi^.  31),  in  which  a  number  of  pores  are  placed  beneftth 
the  peltate  disc  to  which  the  stigmas  are  attached  ;  in  the 
AHtirrhinnm  {fig.  021),  vrWre  Wi^x^  %to  V«o  at  \^dx^  «nS&K«^ 
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awofwlueh  u  litiutMl  near  the  Bunuiiit  of  the  u|>]ier  cfll  or 
omj,  mnd  the  other  (one  or  two)  in  the  lower  ;  aiiil  in  »«ri- 
oaqieEiea  of  Onmpaniiin  (jitji.  G82,  /,  t,  and  lilKt).  In  the  hitter 
lb  cu;i  ii  ftdherent  to  the  civury,  and  the  poren,  which  have  a 
TtiriiTegnlftr  kppearanc«  at  t)ieir  marKiiiK,  {lenetrato  through 
tti  walk  of  the  pericarp  foniied  by  tlie  adherent  ralyx  luid 
mk;  ;  tbeie  pores  corregjioiiil  to  the  nnnilitr  of  uellii  in  tlie 
vnij,  ind  arc  either  sitimted  at  the  aido  (  nV.  ti8:f),  or  towurdii 


Krrm  of  FRnr, — A  mimber  of  different  kinds  of  fniit  have 
l>Mii  distint{uiihed  a:id  named,  and  svTeral  daxiihcntioiui  of  the 
Mffle  haTB  been  proposed  at  variinis  timcn,  but  at  [ireaent  there 
ii  little  accordance  amongiit  iKitaniBtniipon  thin  •iiil)ject.  Tliinin 
Wwh  to  be  regretted,  aa  there  can  be  no  duiibt  that  a  atriutly 
iafiuite  phiaseoloffj  of  fniitg,  founded  eiMeiitially  upon  the 
<nieture  and  poiition  of  the  ovary,  would  be  of  iiruat  ralue 

0  DncriptiTe  Botany,  Tlie  difficnltici  attending  this  aiihject 
*re  been  alio  much  increaaed  by  the  luiiie  naniea  liavins  Ijeen 
ivan  by  anthim  to  totally  distinct  kin<ls  nf  fniita,  and  even 
a  different  classea  of  fniitB.  In  a  work  like  the  present  it 
'onld  be  impowible  to  deticriho  all  the  kindn  of  fniits  which 
«T«  received  namen.  At  the  ssnie  time,  tlie  snbjoct  is  of  to'i 
inch  importance  to  be  hastily  disposed  of,  and  aa  much  space  aa 
OMible  will  be  therefore  devoted  to  its  consideration.  Those 
'ho  wish  to  investiji[ate  the  matter  further  than  my  limits  will 
[low,  should  consult  Lindley's  IntroiiKrium  In  tttifimy,  for  of  all 
-ritera  npon  Carpology,  this  author  haadone  must  to  reduce  a 
Atfeet  ohaoa  to  at  least  some  dcjirec  of  regularity,  and  we  have 

1  Ah  aummtl  mmde  much  use  of  his  labours  Id  cluniying  utdi 
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defining  the  different  kinds  of  fruits.  The  classification,  hoiw 
ever,  adopted  here  ditt'ern  in  some  particulars  from  that  of  lind- 
ley.  We  have  taken  the  pistil  as  our  guide,  and  have  soooiid- 
ingly  used  the  terms  when  applied  to  fruits  in  precisely  the  bum 
sense  as  previously  defined  in  treating  of  that  organ. 

The  leading  divisions  of  the  classification  here  adopted  areai 
follows : — 

1.  Fruits  formed  by  a  Single  Flower. 

a.  Simple  Fruits. 

b.  Apocarpous  Fruits. 

c.  Syncarpous  Fruits. 

2.  Fruits  formed  by  the  combination  of  Several  Flowers. 


1.  Fruits  formed  by  a  Single  Flower. 

a.  Simple  Fruits. — By  a  simple  fniUy  we  mean  one  ^chiek'u 
formeti  of  a  iritufle  carpel  <*r  (/vary,  mid  oiUy  one  productd  ^Jf* 
MiigU  Jloirer.  By  some  botanists  this  term  is  usea  to  signify  i^ 
fruitH,  of  whatever  nature,  which  are  the  produce  of  a  smgl® 
flower  ;  tlius  including  the  simple,  apocarpous,  and  syii^arpt^ 
fruits  of  our  classification.  We  describe  four  kinds  of  simple 
fruits  : — namely,  the  Legume,  the  Lomentum,  the  Drupe,  and 
the  Utricle. 

1.  Letjvmc  or  Pod. — This  is  a  superior,  one-celled,  one  ^ 

many-seeded  fruit,  dehiscing  by  both  ventral  and  dorsal  sutures, 

ao  as  to  form  two  valves,  and  bearing  its  seed  or  seeds  on  tbe 

ventral  suture.     £xam])les  occur  in  the  Pea  (Jig,  663),  Betn, 

Clover,  and  most  plants  of  the  order  Leguminoste,  whidi  bii 

derived  its  name  from  this  circumstance.     The  legume  assume! 

a  variety  of  forms,  but  it  is  generally  more  or  less  convex  on  its 

two  surfaces  and  nearly  straight ;  at  other  times,  however,  it 

becomes  contorted  so  as  to  resemble  a  screw  {Jig.  686),  or  a  sniil 

twi.4ted,  as  in  some  species  of  Medicngo  {Jig.  685),  or  it  is  coiled 

up  like  a  cateri)illar,  as  in  Scorpivnis  mlcat^i  (Jig,  684),  or  curved 

like  a  worm,  as  in  Ca'mlpiniii  Cifri<iria,  or  it  assumes  a  number 

of  other  irregular  forms.     Certain  deviations  from  the  ordinary 

structure  of  a  legume  are  met  with  in  some  plants  ;  thus,  in 

Astragalus  (Jig.  614),  and  Fhaca  (Jig.  616),  it  is  two-celled,  in 

conse({uenco  of  the  formation  of  a  spurious  dissepiment,  which  in 

the  first  plant  proceeds  from  the  dorsal  suture,  and  in  the  latter 

from  the  ventral.     (See  page  270.)    At  other  times  a  number  of 

spurious  horiz(mtal  dissepiments  are  formed,  by  which  the  legume 

becomes  divided  into  as  many  cells  as  there  are  seeds,  as  in 

Cassia  Fistula  (Jig.  (>09).     Another  irregularity  also  occius  in 

the  latter  plant,  tlie  legume  being  here  indehiscent,  but  the  two 

Buturea are  clearly  marked  externally.    Otherindehisoent  l^^umes 

Are  also  met  with,  as  in  AracKU  and.  I^rucQAqgfviA^VsL^V^Vthiae 
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I  no  evident  mark  of  the  nutures  externally ;  such 
ly  howeyer,  frequently  split  into  two  valves  like  those 
%  little  pressure  be  applied  as  in  the  ordinary  process 


694. 


Fio.  686. 


Fio.  687. 


.685. 


teCled-np  lcgnn«»  of  Storptunu  sulcata. Fig.  685.  Bnafl-IIke 

'  Mfdietigo  orbiculiita. Pig.  686.  Spiral  or  ncrew-llke  legume  of 

Mtdieetf^)»—^F>g.  687.  Lomcntuiu  of  a  species  of  Acacia. 


omenUuiti, — This  is  a  kind  of  legume  which  is  con- 
moniliform  manner  between  each  seed,  as  in  Hedy- 
681),  OmithifpuSf  and  Aawia  Sophora  {fig.  687).  It 
I  called  a  lomentaceous  legume.  This  fruit,  together 
a^nine,  characterise  the  plants  of  the  Leguminosa). 
iinentum  is  ripe,  it  commonly  separates  into  as  many 
lere  are  contractions  on  its  surface  (fij.  681),  or  it 
fe  (fig,  687) ;  in  the  latter  case  tlie  seeds  are  sepa- 
led  in  cavities  which  are  formed  by  the  production 
ntemal  spurious  dissepiments  as  there  are  external 

• 

rupe. — This  is  a  superior,  one-celled,  one  or  two- 
ihiscent  fruit,  having  a  fleshy  or  pulpy  sarcocarp,  a 
ly  endocarp,  and  the  pericarp  altogether  separable 
ponent  parts,  namely,  of  epicarp,  sarcocarp,  and  en- 
le  Drupe  is  sometimes  called  a  8t(ym-fnUt.  Examples 
t  Peach  (figs.  688  and  689),  Apricot,  Plum,  Cherry 
id  Olive.  In  the  Almond,  the  fruit  presents  all  the 
I  the  drupe,  except  that  here  the  sarcocarp  is  of  a 
inre,  instead  of  being  succulent.  Many  fruits,  such 
lut  and  Cocoa-nut,  are  sometimes  tenned  drupes, 
riy  so,  as  they  are  in  reality  compound,  or  formed 
nn  two  or  more  carpels  or  ovaries,  besides  presenting 
lers  differing  from  simple  fruits.  (See  Tryma,  page 
Imom,  page  311,)    A  number  of  drupea  ^sgE^\|;fti^^ 


UTBICLE.     AroClRPODS  rBuiTa. 


togetlier  on  n  comninn  thalamus  form  cnlleistivefy  alundof  Etclii  ' 
(■F«  Et.krio).  Any  fruit  which  rMemblea  the  drup«  is  ib  | 
general  cliaracteis  ia  frequently  termed  drti^NiMmM  or  (l^tp^ltit.    t 


-Flo.  en.  Thfmmi 


4.  T}it  fJfrkle  i»  nsiiperior,  one-celled,  one  or  few-teededfniit, 
with  a  thin,  menibranuiis,  loose  pericarp,  not  adhering  to  the 
Baud  ;  geiiernUj  indehiscent,  but  rarely  opening  in  a  tnnt- 
verso  manner.     Examples  of  this  kind  i>f  fruit  maybeiecain 

Amiiraiithiu  and  ChfiminfliitM  (jii/.  0!*l). 


aisx. 


b.  Apocarpous  Fritts.  — t'mfcr  thi»  tuimr  vx  indwie  (Jiuw 
fndts  tchy-b  arefonneil  of  a  •ntujl"  rar/xl  or  oniry,  btit  of  vHatk 
't\ro  or  Hum  art  prodiiMiiby  a»iiufitfto\ctr.  The  simple  fruits  jort 
described  are  frequently  placed  by  botanists  under  this  head, 
together  with  thoao  t<)  which  we  are  now  about  to  allnde. 
Apocarpous  fruits  are  also  sometimes  called  mnlHjilf,  and  thii 
latter  term  is  again  applied  by  others  to  those  fruits  which  wn  tiie 
produce  of  several  flowers.  We  distinguish  three  kinds  <rf  Apo- 
car]K>us  fn'its  : — The  Follicle,  the  Achtenium,  and  the  EtraHo. 

J.  The  FfHirU.—T\)M  is  a  buv°i^*'>  one-celled,  one  or  mutf- 
eeeded  fruit,  dehiscing  by  fbe  \«a\.Tai  mVm  o^i ,  «m&,  cmom- 
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m-nlnd  (fig.  661).  By  the  ktter  character  it  is 
DM  from  the  legame,  which  opena,aa  we  have  Been.b; 
I,  and  i»  two-volved  ;  in  other  r«si>ecta  the  tiro  fruits 
In  Magnotia  gUtuta  {Jig.  662),  and  soma  other  epedea 


no.  twj. : 


«,  the  follicle  opens  bj  the  dorml  suture  instead  of 
.  Examplea  of  the  follicle  occurs  in  the  Columbine 
Hellebore,  Larkspur,  and  Aconite  (Jig.  093),  in  all 
anta  the  fniit  is  composed  of  three  or  more  follicles 

whorled  manner  on  toe  thalamus  :  in  the  Ateiejivit, 
,  and  Ptecaj  (Jig.  CM),  where  each  flower  tienerally 

folliclei ;  sjid  in  the  Lirindnidn/n  and  Mru/iiolia 
wbtire  the  folhcles  are  numerouB,  and  arrajuied  in  a 
ler  on  a  mote  or  less  elongated  thftlnmiis.  It  rarely 
■t  ■  Sower  produces  but  a  single  follicle  ;  this,  bow- 
Eiinu  occun  in  the  P»!onj  and  in  other  planta.  The 
I  of  Aadepio)!  w  Jnoie  OT  less  united  at  their  base,  and 
natead  of  remaining  attached  to  the  \'entral  suture, 
■0  in  the  true  follicle,  lie  loose  in  the  cnvit;  of  the 
idoublefruithaathereforeby  BomebotaniatB  received 
ire  name  of  Coneepfae'ultim. 

■Jucfiimnoi  Adiene  isa  superior,  one-cellod,  one-seeded 
adiyindebiscent  pericarp,  which  is  separable  from  the 
i^doaelyappliedtoit.  LinneeuHmiBtnokBomeof  these 
:  aeeds,  and  called  the  plants  producing  them  gymiuh- 
■ked-«eeded).  Such  fruits  may  he,  however,  generally 
td  from  seeds  hy  presenting  on  aome  point  of  their  aur- 
Utitia  of  the  style.  Thii  style  is  in  some  cases  very  evi- 
tbe  Clematis  {jig.  652),  and  Anemone  {Jig.  605).  Ei- 
'Iw  Been  in  the  Qematia  and  Anemone,  aa  just  noticed, 
ibotB  of  the  orders  Labia  tie  and  Boraginacete  (jig.  606). 
m  we  Sad  A  Sower  producing  but  ft  single  achHUtna 


Fin.  69S. 


rio.  696. 
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3.  The  Etxrio. — Wben  the  achsnia  borne  by  a  nngle 
are  bo  numerous  that  thejr  form  more  than  a  aii^ 
or  teriM,  they  ooi 
collectively  an 
Examplee  may  be 
the  species  of  San 
and  Adonit  when 
chsnia  are  placed 
convex  thaUmnsi 
nature ;  and  intlu 
berry  (Jig.  666), 
theyaie  situated 
flealiy  thalamna. 
in  the  Strawberry 
called  seeds  are  in 
so  many  aeparati 
nia,  while  the  ) 
which  the  Stof 
owes  its  valne  u 
is  the  succulent  th 
In  the  fruit 
Rose  the  achienia, 
of  being  placed  i 
elevated  thalama 
the  ordinary  eterio,  are  situated  upon  a  concave  thala 
which  the  calyx  is  attached  (fig.  449).  This  modifio 
the  ordinary  etterio  has  been  made  a  separate  fruit  I 
botanists,  to  which  the  name  of  Cynarrbodttta  has  been 
A  similar  kind  of  fruit  also  occuis  in  CalyeatUh^it. 

In  the  Baspberry  (Jig.  T20)  and  Bramble,  we  have  a 
eteerio  formed  of  a  number  of  little  drupes,  or  drupels  i 
amall  drupes  are  sometimes  termed,  crowded  together 
dry  thslamui.  The  etwriu  and  its  modifications  are  pi 
Lindley  under  a  clasa  of  fruits  called  hybijaaggregfUefr 
characters  of  which  are  '  Ovaria  strictly  simple  ;  men 
single  series  produced  by  each  flower.'  The  term  aggr 
also  by  noma  botaniata  applied  to  fruits  which  are  the  pr> 
several  flowers. 

c.  Bysckrfovr  Fb,vit9. — Under  llU$  head  iseinehuk  I 
wlwh  are  fimned  by  the  mare  or  lea  compleU  comhiiuUim 
or  vuHt  ovarUn  or  carpels,  and  where  only  ow,  Jmil  u  j 
by  a  single  flouxr.  In  the  two  former  classes  the  ft 
formed  of  simple  ovaries  ;  in  this  class  from  ovaries  of 
or  less  compound  nature.  In  describing  these  fruits 
follow  generally  the  classification  of  Lmdley.  Thus 
first  place,  we  arrange  them,  from  their  superior  or  infe 
racter,  in  two  divisiona  ;  and  each  of  these  diviaicou 
separated  into  othen,  derived  from  the  dry  or  fleahy  n 
tite  pericarp,  and  its  deUacen^  v  '    ^  '' '        '    ' 
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Divuion    1.       Superior    Syncarpou^    Fruits, 

a.    WITH  A  DBT   INDBHISCENT  PEBICABP. 

w  Caryoptii  is  a  superior,  one-celled,  one-seeded,  inde- 
ndty  with  a  thin  dry  membranous  pericarp,  completely 
pmbly  united  with  the  seed  (Jiffs.  697  and  698^.  This 
embles  the  aduenium,  but  it  is  distinguished  by  the 
>  union  which  exists  between  the  pericarp  and  the  seed. 
areover,  generally  considered  as  being  of  a  compound 
from  the  presence  of  two  or  more  styles  and  stiraias 
racy  {fig.  596).  It  is  found  in  the  Oat,  Maize,  Kye, 
Baney,  and  generally  in  Grasses.  These  fruits,  like  the 
,  are  commonly  called  seeds,  but  their  true  nature  is  at 
lent  when  they  are  examined  in  their  early  state. 


Fio.  698. 


Fio.  699. 


Fig.  700. 


i7.  Ouyopirii  or  frnit  of  the  Oat.^— 

MS.  TIm  wmecat  Tertically.    o.  Perl- 

C  IntegomenUi  of  the  peed,    a,  Al- 

n.     c  Cotjledon.     g.  Ocramalo  or 

tato.     r.Badide. Fig.  699.  Samara 

(di  of  the  Maple. Ftg.  700.  Caroe- 

ar  fralt  of  the  Mallow  {Malta), 

le  Samara  is  a  superior,  two  or  more  celled  fruit,  each 
ff  dry,  indehiscent,  few-seeded,  and  having  its  pericaip 
1  into  a  winged  expansion.  Each  cell  of  the  samara  is 
n  achnnium  with  a  winged  margin.  Examples  may  be 
I  the  Maple  (fig,  699),  Ash,  and  Elm.  By  some  botanists 
iged  portion  of  such  a  fruit  is  called  a  samara,  and  thus 
iHs  as  the  Maple  are  considered  to  be  formed  of  two 


ht  Ca/rewuU  is  a  superior,  many-celled  fruit,  each  cell 

ry,  indehiscent,  and  one  or  few-seeded,  and  all  the  cells 

less  cohering  by  their  united  styles  to  a  central  axis. 

mum  MmUow  (Jig,  TOO)  is  a  good  example  oi  t\uA  lrai« 

x2 
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Each  cell  of  the  carcenile  does  not  differ  eaaenUaUy  from 
achsenium. 

4.  The  Amphisarca  is  a  'superior,  many-celled,  inddi 
cent,  many-secaed  fruit,  indurated  or  woody  externally,  pd 
internally.     Examples,  OmphaJlocarp\is,  Adanaoma,  Oeaeen^to. 

h.   WITH  A   DRY  DEHISCENT  FERICABP. 

1.  The  Capsule  is  a  superior,  one  or  more  celled,  many-aeedf 
dry,  dehiscent  fruit.  The  dehiscence  may  either  take  pb 
by  valves,  as  in  Colchicum  {fig,  6G4)  and  liaiwra  {fig,  674); 


Fig.  701. 


Fio.  702. 


Fio.708. 


Fip.  701.  Spiral  capsule  of  a  gpedes  of  Htlifierts. /Yj7.  708.  "PyTdrnx  tat 

of  Pimpernel  (AnagallU). Fi(f.  703.  Fruit  or  capsule  of  a  speciM  o 

Scrophularia,  dehisdng  in  a  aepticiilal  manner. 

by  pores,  as  in  the  Poppy  and  Antirrhinum  (fig.  621) 
irau^sversely,  as  in  the  Pimpernel  (fig.  702)  and  Henbane  i 
070) ;  or  only  partiaUy,  as  in  Mignonette  (fig.  660),  Diaf 
(fig.  059),  and  Lychnis  (fi^.  658).  When  the  capsule  deh 
transversely  the  fruit  has  received  the  distinctive  name  of  P 
The  capsule  is  either  one-celled  as  in  the  Mignonette  (fig.  ( 
Heartsease,  (fig,  676),  and  Gentian  (fi^.  675);  or  two-c 
as  in  the  Scnrphularia  (fi^.  703)  ;  or  three  or  more  celled,  i 
the  Colchicum  (fig.  664),  and  Datum  (fig.  674).  It  asv 
various  forms,  some  of  which  are  remarkable,  as  in  Helu 
(fi^.  701),  where  it  is  comi)osed  of  five  carpels  twisted  spi 
together,  and  Ulicium  anisatum,  where  the  carpels  are  arm 
in  a  stellate  manner.  The  capsule  is  a  very  common  fruit 
is  found  almost  universally  in  many  natural  orders,  as  Papa 
ceae,  Caryophyllacese,  Primulaceae,  Scrophulariacese,  LQii 
Gentianacese,  &c.,  &c. 

When  a  capsiile  consists  of  three  or  more  carpels,  ^ 
separate  from  the  axis,  and  burst  with  elasticity  (cocci), 
Bicinus  (fig.  670)  and  Hura  crepitans  (fig.  704),  it  haa 
termed  a  Regma. 

When  a  &uit  resembles  the  ordinary  capsule  in  every  lefl 
fixoept  that  it  is  inferior,  aa  m  ^\iQ  %v^^^  ^"^  ^"^  V$9«  *l^ 
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lb  (fy'-  0^  •nd  683),  it  hu  received  the  nbrne  of 
I,  (&e  DiplDtegu,  page  311).  la  the  n&tural  ordent  we 
■ibe  nich  m  fruit  ai  enptular. 

Via.  7M.  Fia.  70a. 


LB  a  superior,  one  or  two-celled,  many- seeded, 
lowfniit,  dehiscing  bytwu  valveti  separating  from  below 
,  Kod  leaTing  the  seeds  attached  to  two  parietal  placentas, 
n  aoBunoMy  connected  together  by  »  ipurious  vertical 
Bnt,  called  a  rtplnm  (Jit/.  677).    The  placentas  are  here 

to  the  lobes  of  the  stigma,  instesd  of  alternate,  as 
M  in  all  fruits  which  are  regular  in  sUiicture.  Wlien 
im  exteods  entirely  across  the  cavity,  the  fruit  is  two- 
f  onlyp&rtially,  it  is  one-celled.    Examples  of  this  fruit 

the  Wallflower  (Jig.  677},  Stock,  Cabbage,  and  a  Urge 
of  other  Cracifene.  When  a  fruit  possesses  the  genenl 
CI  of  the  siliqua,  but  with  the  lobes  of  the  stigma  alter- 
mtaad  of  opposite  the  placental,  as  ii>  Cheluiiinuim  {fig. 
UM  been  named  a  Ctraiium  or  a  iHiijyseJiimi  capsiiU. 
iliqpa  is  sometimes  contracted  in  the  spaces  between 
1,  ukB  the  lomentum  (page  303^,  in  which  case  it  is  in- 
t,  ■•  in  BapKantu  vttimu,  and  is  then  colled  a  Uimenla- 

w  Sdicuia, — Thia  fruit  resembles  the  siliqua  in  every 
xoept  as  to  its  length  ;  and  in  usiuilly  containing  fewer 
nintf  the  Miqua  may  be  described  as  long  and  narrow, 
ila  u  broad  and  short.     Examples  occur  in  the  Shep- 


Both  fruits  are  occasionally  one-seeded,  and  inde- 
e.  WITH  A  FLESHY  INSBHISCENT  PBEICABf . 

y  Me^peridium  ia  «  raperior,  many-celled,  few-Hed«&, 
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indehiscent  fmit,  consisting  of  a  Mpsrable  pericup,  fonMd  tl 
the  epicsrp  and  metocarp  combined  together  (  &.  707)  p, '),  •i' 
having  an  endocarp,  ej,  projecting  intcnu^^in  tke  fcomcrfma- 


branouB  partitions,  whicb  divide  the  pulp  into  a  number  of  m-  ' 
tions  or  celk,  which  are  easily  separatod  from  each  other.  Tlw 
pulp,  as  already  noticed  (page  292),  is  either  a  development  U 
succulent  parenchyma  from  the  inner  lining  of  the  ovarv  grai- 
rally,  or  from  the  placentas  only.  The  seeds,  i,  s,  are  imbedded 
in  the  pulp,  and  attached  to  the  inner  angle  of  each  of  the  p(l^ 
tions  into  which  the  fruit  is  divided.  The  fruits  of  the  Oniige, 
Lemon,  Lime  and  Shaddock,  are  examples  of  the  hespeiidiiB- 
It  is  by  no  means  uncommon  to  find  the  carpels  of  this  trait  is 
a  more  or  less  separated  state  (jiy.  708),  and  we  have  then  pn- 
duced  what  are  Milled  '  horned  oranges,'  '  fingered  citroni,'  fte.i 
and  the  fruit  becomes  somewhat  apocarpous  instead  of  entiitlT 
syncarpoUB. 

2.  The  Tryma  is  a  superior,  one-celled,  one-seeded,  inddui- 
cent  fruit,  having  a  separable  fleshy  or  leathery  rind,  coniiiliif 
of  epicarp  and  niesocarp,  and  a  haid  two-valvea  endocarp,  £iW 
the  inner  lining  of  which  spurious  dituepimenta  extend  so  m  I" 
divide  the  seed  into  deep  lubes.  It  differs  but  little  from  tbt 
ordinary  drupe,  except  in  being  formed  from  an  originaU;  coni' 
pound  ovary.     Example,  the  Walnut. 

3.  The  Niiculaiiium. — This  fruit,  of  which  the  Grape  {M- 
712)  may  be  taken  as  an  example,  does  not  differ  in  any  impw- 
tnnt  characters  from  the  berry,  except  in  being  superior.  (Sk 
Beeery.) 

JTirinuii    2.       Inferior    Synearptmt    Pt'uit*. 

a.   WITH  A  DRT  I>IDBH1SCENT  FESICA&F. 


BIOCASP.   CXFSELA.   SURB.   niPLOTMIA. 


>I1 


Flo.  709. 


lai«  joinad  face  to  t$ae  to  a  common  &zu  or  earpophort, 
idt  ther  •ep*rate  irhea  ripe,  but  to  which  they  alvava 
ittaehed  hj  a  aleDder  conl  which  luipendl  tiiem  (j^, 
'mA  luUf-fruit  iM  termed  a  hemUarp 
IMP,  and  the  inner  face  the  atm- 
JhcIi  pcotion  of  the  fruit  re- 
■II  actuHUum,  except  in  being  in- 
luaoe  tbn  name  diaciumivm  haa  been 

I  thk  fruit.    Examples  of  the  cre- 

II  abore  defined  are  found  luiver- 
tha  plants  of  the  order  UmbelliferiB. 
Ik^,  tlie  definition  of  cremocarp  is 
1  ao  aa  to  include  fruita  of  a  similar 
Imt  which  contain  mure  than  two 

tar  iaatance,  those  of  Aralui. 
U  Oypmta. — This  differs  in  notiiing  „ 

,  front    the    achnnium,  except   in    -j,  ,„  r__,.__  _ 
lienor  and  of  a  compound  nature.       hvit  ol  Anttiia, 
I  in  all  plants  of  the  order  Compoaitaa. 
w  caln  is  pappose  it  remains  attached  to  the  fruit,  aa 
If  and  DandeLon. 

H  fflotM  or  N»t  is  an  inferior,  drj,  hard,  indehiscent, 
d,  one  or  two-seeded  fruit,  produced  from  an  ovary  of 
opra  cells,  with  one  or  more  ovules  in  each  cell,  all  of 
)oome  abortive  in  the  progress  of  growth  except  one  or 
«  28S).  The  three  layers  constituting  the  pericarp  of 
tr«  firmly  coherent  and  undistiiwiishame,  and  tlie  whole 
n  leas  enclosed  by  a  cupitie.  l^e  Acorn  (Jig,  3S6),  and 
gl-nnt  (fig.  39G),  m^  be  taken  as  eianiples.  By  some 
I  the  fruit  of  the  Oncoa-nut  Pnlm  is  called  a  nut,  but 
m  in  being  auperior,  and  in  its  pericarp  presenting  a 
jn  into  epicarp,  mesocarp,  and  endocarp.  ('See  Drupe, 
'•.)    Such  a  fniit  is  better  described  as  7mt-likt, 


iplotegia. — This  is  the  only  kind  of  inferior  fruit  whioh 
a  dry  dehiscent  pericarp.  It  has  already  been  stated 
ifl  head  of  Capsnle  (page  309),  that  the  diplote^  differs 
)g  from  it,  except  in  being  inferior.  The  species  of  Jrii 
)  and  Campania  {fga.  682  and  083)  are  examples  of 
t.  The  diplotegia  may  open  either  by  pores  {Jig.  683), 
f^.  705),  or  transversely  {fig.  080)  like  the  ordinal^ 
In  the  latter  case,  as  with  the  true  capsule,  the  fruit 

e.  VITB  k.  FLKSHY  IHDBHISCBHT  PBBICAKT. 

\e  Bacoa  or  Berry  is  an  inferior,  indehiscent,  one  or 
Jad,  inmay-aeoded,  pulpy  fruit  (Jy».  710  and  1VC).   Tbft 
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pulp  in  produced  from  the  plncentaB,  which  are  parietal  {Jig.  710, 
f)i),  and  have  the  needs,  :■,  i,  at  tint  attached  to  them ;  bat  tium 
become  ultimately  separated  and  lie  Ioom  in  the  pulp,  p. 
amples  may  be  found  in  the  Gooaebeny  and  Cunrnnt. 
have  already  stated  (page  310),  that  the  fruit  of  the  Or^M  ■  Q 
called  a  Nuculaniuni  (Jiij.  712),  and  t}iat  it  differ*  in  nothing  »  '4 
Bential  from  the  borry,  except  in  being  Biiperior.  Thenameiw- 
cate  or /wrriivj  is  applied  by  many  botanists  to  any  fruit  of  apnfay 
I,  and  will  somotimeB  be  used  in  this  Miue  iu  our  MCn^ 


«?.  7in.  TniMWTW  iwttdii  of 

le  Red  Cominl 

ill  or  prpn  <tt  tbu  Melon,  rirl.el.  CBrprtg.  jil.pi.pl.pl.pi.ri.  Cazni 
pIju-vjitH^,  HCDiIingpracv^en,  t,  f rum  tlit^  cimunrereiiu,  r,  w  theotutn,  ud 
tbofl  riuulbg  llic  mijl  lo  Ik  tpuzioci>!y  tLme^cUcd. 


2.  The  Fepo  is  an  inferior,  one-oelled,  or  epurior^r  thiw- 
celled  (Jig.  713),  many-seeded,  fleshy  or  pulpy  fruit.  The  stadi 
are  attached  to  parietal  placentas,  and  ftre  imbedded  in  pd^ 
but  they  neTcr  become  loose  as  is  the  case  in  the  berry ;  soa 
hence  this  fruit  is  readily  distinguished  from  it. 

Tliere  has  been  much  discussion  with  regard  to  the  nature  <i 
the  pepo.  By  some  botanists  the  placentaa  are  conaiclerad  u 
axile,  and  the  fruit  normally  three-celled,  a«  it  is  formed  of  thiut 
ovaries  or  carpels  ;  while  by  others  the  placentas  are  tiegaided 
as  parietal,  and  the  fruit  normally  one-celled,  a*  defined  aboTs. 
Those  who  adopt  the  first  view  believe  that  each  placentk  sends 
outwards  a  process  towards  the  walls  of  the  fruit,  and  that 
these  prciccBscB  ultimately  reach  the  walls  and  then  become 
bent  ina'ards  and  bear  the  seednou  the  curved  portions.  If  these 
pnoesaet  remain,  the  truit  ia  ftaeft-«»^is&  ■,  "4,  (sn.  ^«  w    ■ 


EOUK.    BU^U5TA.    AIO'nOCAEPOUe   FBUITS.  311 

Ikf  bceoma  «baorbed,  it  ia  only  one-celled,  and  the  placent&a 
HI  ^iwioiulj  puietAl.  According  to  the  view  here  adopted, 
tkt  pbuentBB  Bi«  paritital  uid  send  prucetaes  inwards  which 
I  BMt  in  the  centre,  and  thus  render  the  fruit  ipiiriuiisly  thrce- 
aAed;  or,  if  theae  are  afterwarda  iibhterated,  ur  imperfectljr 
iKMd,  the  fruit  ia  one-ceUed.  Tliia  fruit  is  illuxtratud  by  the 
MtlDO,  Oouid,  Cucumber,  Elateriuni,  and  other  Cuciirbitacera. 
Ik  frnit  of  the  Papaw-Tree  reaeiuhlea  a  \iqih>  generally,  except 
abooaiuporior. 

S.  nt  Pome  ia  an  inferior,  indehiaceut,  two  or  more  colled, 
fiw-M«ded,  fleahj  fruit  ;  the  euducarp  of  which  ia  pn;>ory,  car- 
lil^ttioiia,  or  boDj,  and  Kturounded  by  a  tleHiiy  maaa  coiisititing 
d  neaocarp  and  epicarp,  which  ia  generally  conaiderud  to  be 
btmA  by  the  cuhesiun  uf  the  general  parenchyma  of  the  ovary 
■itli  the  tube  of  the  calyx.  Some  botanixta,  however,  reganl  the 
Uf  portion  aa  conaiating  of  the  enlarged  end  iif  the  flower- 
Mlk,  m  which  the  true  carpela  are  imbedded.  Examples  may 
1m  no  in  the  Apple  {Juj.  714),  Pear,  Quince  ( Jij.  4Wi>,  Medlar, 
■BdBtwthom. 


Fit-ni. 


4.  Z7i«  Balaada  ia  an  inferior,  many-celled,  many-.ieeded, 
l>dshiac«nt  fruit,  with  a  tough  pericarp.  It  is  formed  of  tworowa 
4  carpela  placed  above  each  other,  and  aurruunded  by  the  calyx, 
ind  the  aeeds  are  attached  irregularly  to  the  w.iIIh  or  centre. 
11m  Pomegranate  fruit  {fi/j.  715)  ia  the  only  example. 


2.  FKcm  roBVED   i 


Floweim. 


07    Sevei 


Theae  fmits  are  commonly  termed  AiithocnriMna,  aa  they 
onaiat  not  only  of  thecarpelaorovarieBof  several  tlowera  united, 
ut  alao  naually  of  the  bracta  and  iloral  envulopea  in  corabina- 
ion  with  tham.  They  have  been  alao  called  Multiple,  Aggrtgalt, 
nd  CoUtetive  fmiU,  and  the  two  former  terma  have  aJao  been 
pplied  in  a  different  aeuae,  aa  mentioned  under  the  head  of 
•peearpomt/riiHt  (page*  304  and  dMS).     Soute  botanuta  aWi  tena 
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them  IiifrtUtKemxt  or  ConjtMtnt  fnutt.     The  followiiig  im 
received  distinctive  ns^cM  : — 

1.  The  Vime  is  a  more  or  leu  dong&ted  tmit,  compowd  c(  I 
number  of  indurated  scales,  each  of  which  bean  one  or  ■HI 
naked  »eeds  {fig.   721).     Thia  fruit  is  seen  in  the  Scotek  h 


this  circiimHtance.  All  plants  also  of  the  Cjoa«  family  vUi 
possess  fruit,  have  one  of  a  similar  structure.  There  in  Im 
views  as  to  the  nature  of  the  indurated  soalea  :  by  some  bols- 
nists  the;  are  regarded  as  carpels  spread  open,  fay  otluai  ■ 
bracts.  They  certainly  more  resemble  tlie  latter  organi  in  9- 
pearance,  as  they  never  present  any  traoe  of  style  or  itigina  (■ 
their  sui^Ace.  Other  botonista  (see  page  197)  regard  the  ow 
as  the  fruit  or  pseudocarp  of  a  single  Dower,  and  not  as  a  a>ll» 
tion  of  fruits,  as  here  described.  Others  again  may  uuks  H 
distinction  between  a  cone  and  a  Strobilus  (see  Strobilni). 


ffphnlrroaLrplmu 


{Tiixui  hueus). 


2.  The  Qallnibis.—T!hiB  fruit  is  but  a  modiBcation  of  theCoMI 
differing  only  in  being  more  or  leas  rounded  in  form  instead  d 
somewhat  conical,  and  in  having  the  heads  of  the  scales  nrndi 
enlarged.  It  is  stsen  in  the  Cypress  (fig.  717),  and  in  the  Junipa 
{Jig.  71G).  In  the  latter  the  scales  become  fleshy,  and  m 
united  toeethor  into  one  mass,  bo  that  it  somewhat  resemUt 
at  tirst  sij^t  a  berry,  but  its  nature  is  at  once  seen  by  eiaminin 
the  apex,  when  three  radiating  lines  will  be  observed  cuRC 
Bponding  to  tlie  three  scales  of  which  the  fruit  has  been  tormed 
and  which  are  here  but  imperfectly  united. 

No  other  kind  of  fruits  except  the  Cone  and  Qalhulos  M 
found  in  the  natural  orders  Conifene  and  Cycadaceie. 

In  the  Yew  CTaxta  haccata)  {fig.  718)  and  other  plan' 
belonging  to  the  Taxacete,  an  order  closely  allied  to  the  Con 
ferta  and  Cycadaceie,  the  so-called  fruit  is  in  reality  not 
fruit  at  all,  asitconaistskimfVjjSa  demonstrated  by  Dr.  Uouke 
o/a  naked  seed,  nearly  enduKQd'uL«.*.\u»!v^in&ea^4fcaiS*& ism 
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Fio.  719, 


Fio.  720. 


■  m  development  from  the  outer  coat  (primine)  of  the 
Tliu  so-called  fruit  has  been  termed  a  i^)haUrvcftryium. 
It  speaking,  even  if  re^^arded  as  a  fruit,  it  does  not  belong 
UMt  of  CkmectiTe  fruits  at  all,  as  it  is  formed  of  but  a 
flower.  We  have  placed  it  here,  following  Lindley's 
ment,  and  because,  like  the  two  preceding  fruits,  its 
il  oharacter  consists  in  its  nuked  seed.  Some  other  fruits 
verer,  included  by  Lindluy  and  others  with  this  under 
le  oi  Sphalerocarpium. 

Cone  must  be  carefully  distinguished  from  Cone-like  fruits, 
the  Magtudia  {Jig,  002)  and  Liriodendn/n,  The  latter 
;  oolleotive  fruits  at  all,  but  they  consist  of  the  ovaries 
sis  of  a  single  flower,  placed  upon  an  elongated  thalamus. 
%e  SlrobiluB  or  Strobile, — The  fruit  of  the  Hop  {Hnmulus 
t)  {fig.  416)  is  by  some  botanists  considered  as  a  kind  of 
Uh  membranous  scales,  to  which  the  name  of  Strofnliu  or 
has  been  given  ;  but  the  strobile  differs  essentially  from 
le,  in  having  its  seed  distinctly  enclosed  in  an  ovary 
at  the  base  of  each  scale.  We  distinguish  this  fruit, 
PSy  as  a  distinct  kind,  under  the  above  name.  It  should 
noticed  that  the  term  Strobilus  is  frequently  employed 
oymous  with  Cone. 
lie  iSorotis  is  a  collective 
ormed  of  a  number  of 
3  flowers  firmly  coherent 
leshy  or  pulpy  mass  with 
al  axis  upon  which  they 
ated .  Examples  of  this 
seen  in  the  Pineapple 
17),  where  each  square 
represents  a  flower ;  and 
ole  is  surmounted  by  a 
3f  empty  bracts.  Tlie 
mit  ana  Jack-fruit  are 
xamples  of  the  sorosis. 
ilbeiry  (fig.  719)  may  be 
id  as  another  well-known 
rhich  presents  an  exam- 

the  sorosis.  At  first  sight,  the  Mulberry  appears  to 
e  the  Raspberry  (Jig.  720),  Blackberry,  ana  other  fruits 
from  the  genus  Buhvfj  but  in  origin  and  structure  the 
re  totally  different.  Thus,  as  already  noticed  in  speak- 
he  Etserio  (page  306),  the  Raspberry,  and  other  fruits 
from  the  same  genus,  consist  of  a  number  of  drupes  or 
chienia  crowded  together  upon  a  dry  thalamus,  and  are 
>roduce  of  a  single  flower.  But  in  the  Mulberry,  on  the 
^,  each  rounded  portion  of  which  the  fruit  is  made  up  is 
from  a  Bower,  the  calyx  of  which  has  become  b\iccuVsq& 
edtotbe  ovary  ;  the  combination  of  a  number  oi  fto^«tl 


Fig.  719.   florosls  or  frnlt  of  tlie  Mul- 

iK'rry    (Mont*   niV/m). ffg.   720. 

Fruit  (efctrio)  of  the  KusptNsrry  (Ryfnu 
Ida  us). 


aiG  sYcoNrs.     the  ovule. 

in  this  case  therefore  forms  the  fruit,  while  in  the  Raspberry  the 
fruit  is  produced  by  one  flower  only. 

4.  The  Sycomis  is  a  collective  fruit,  formed  of  an  enlarged 
and  more  or  less  succulent  receptacle,  which  bean  a  number  of 
separate  flowers.  The  Fig  (fig.  401)  is  an  example  of  a  ijoomi. 
In  tliis,  the  flowers  are  almost  entirely  enclosed  by  the  enlimi 
hollow,  pear-shaped  receptacle,  and  what  are  commonly  cued 
seeds  arc  in  reality  one-seeded  fruits  resembling  achaenia.  Ike 
Dorsfen'ui  (fig.  402)  is  another  example  of  the  syconns,  althongli 
it  diifers  a  good  deal  from  the  Fig  in  its  general  appeanum; 
thus  the  receptacle  is  less  succulent,  and  only  slightly  coneifi 
except  at  its  margins,  so  that  the  separate  fruits  are  here  reid2|f 
observed. 

All  the  more  important  fruits  which  have  been  named  nd 
described  by  botanists  have  now  been  alluded  to,  but  in  practioB 
only  a  few  are  in  common  use — such  as  the  Legume,  Bmpe^ 
Achene,  Follicle,  Caryopsis,  Siliqua,  Silicula,  Capsule,  N«^ 
Pome,  Pepo,  Berry,  and  Cone.  This  has  arisen,  partly  frai 
the  same  names  having  been  given  by  difierent  botanuti  to 
totally  distinct  kinds  of  fruits ;  and  partly  from  botanists  ia 
many  cases  preferring  to  describe  a  particular  £niit  aocordiii^to 
tlie  special  characters  it  presents.  It  is,  however,  much  to  be 
regretted  that  a  comprehensive  arrangement  of  accorately 
named  and  well-defined  fruits  should  not  be  generally  adopted, 
as  it  cannot  be  doubted  that,  if  such  were  the  case,  it  would  be 
attended  with  much  advantage,  and  save  a  good  deal  of  unne- 
cessary description  and  repetition. 

Section  6.     The  Ovule  and  Seed. 

Having  now  described  the  nature,  structure,  and  gentfil 
characters  of  the  gynoeciumorunimpregnated  pistil,  and  taefrnii 
or  mature  pistil,  we  pass  to  the  description  of  the  Ovule  and 
Seed.  These  bear  the  same  relation  to  each  other  as  regardi 
their  condition  as  the  pistil  does  to  the  fruit, — that  is  to  BKf% 
the  ovule  is  an  unimpregnated  body,  the  seed  an  impregnated 
or  fertilised  ovule. 

1.  THE  OVULE. 

The  ovule  is  a  small,  rounded  or  oval,  pulpy  body,  borne  by 
the  placenta,  and  which  when  fertilised  becomes  the  seed.  6 
is  either  attached  directly  to  the  placenta,  when  it  is  said  to 
be  sessile  (figs.  32,  o,  o,  and  G28,  g) ;  or  indirectly  by  a  stalk 
called  the  funiadius  (jfigs,  GIO,  ov,  and  632),  when  it  ia  deaorib^d 
as  stalked.  The  point  of  attachment  of  the  ovule  to  the  placenta 
if  sessile,  or  to  the  funiculus  when  stalked,  is  termed  the  Kihkm, 
These  terms  are  applied  to  the  seed  in  the  same  sense  as  to  the 
ovule.  The  ovule  has  been  compared  to  a  bud^  and  has  been 
culled  the  seed-hud  by  Bchieiden  ttn^  o\i)i[i«t%. 
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Tlw  omlea  are  commonly  cncloaed  in  an  ovary  {fig.  32),  but 
in  pluits  of  the  Conifene,  CycMdaceie,  and  allied  orden  are 
nnptioDi  to  this  ;  thna  in  the  CycKdaceas  they  are  sitiiiLtitd 
M  ue  margim  of  letiyM  in  a  peculiarly  metsTiior;)honed  condi- 
bn,  and  ia  the  Conifene  at  the  base  of  indurated  bracts  or 
opn  eupellary  leaves  (jig.  721,  ov).  Such  ovules  are  therefore 
tmed  tuiked,  and  aa  the  weds  of  these  plants  are  also  naked, 
Mch  plant!  are  called  (rytniMMpcnnoiut ;  while  tliose  plants  in 
lAidi  the  ovules  are  distinctly  enclosed  in  an  ovary,  are  called 
iRfUttermaiu.  It  should  be  noticed,  hownver,  that  tliere  are 
nu  pUots  in  which  the  seedn  become  partially  naked  in  the 
mine  of  the  development  of  the  ovary  into  the  fruit,  oh  in  the 
ttgDADette  {fig.  6fiO),  Leontire,  and  CiyJirii,  in  which  cases  they 
nmnetunes  termed  tfminudt.  True  Gymnospunnous  plants, 
■  thne  in  which  the  ovules  am  naked  from  their  earliest  forma- 
ts ihonld  be  carefully  distinguished  from  those  with  scminude 
<iraW,a«the  former  character  is  always  associated  with  important 
iboetural  peculiarities  in  the  plants  themselves,  at  we  have 
llnai^  noticed  in  treating  of  the  stem  and  other  organs. 

Other  important  differences  will  also  be  described  hureafter, 
Bd  more  especiallv  in  the  Physioli^icai  part  of  this  viilumo, 
nder  the  head  of  Reproduction  of  GymnoBpermia. 


/V-  fSI.  B™ctorc»rpelliirTlprJ.if,i)f  mpsdwnf  Hnw.N'iirlnBt" 

oitilm,or,«HW)i««.    mie.  Mlcnijijlu. FI^.Ttl.  Vwtleiil luiU™ ,« [iw 

trvit  of  m  BperiEfl  of  RumfX  {^fpt/imaetifi.  f-  LiiUrKoct  i-iity]c  i^iirronnd- 
Ing  the  Mt.  The  frulE  eunUtiia  n  rinRle  i-irct  orthiitmiinu<  airil.  The 
ptwltkm  cf  t^e  oralfl  In  tUa  ovarrlH  nlvMlMrrllicd  lis  vnct  niul  ortlio- 
tmiKKU.    The  emtnTO  It  Inrvrtod  or  uitltntixiun, 

NncBKE  ASD  Posmos  or  the  Ovules. — a.  Niimlier.—Tha 
nomber  of  ovules  in  the  ovary,  or  in  each  of  its  cellB,  varies 
in  different  plants.  Thus  in  the  Polygon AceH<,  Compoaitie,  Thy- 
meloeeie,  and  Dipsacacece,  the  ovary  contains  but  a  solitary 
OTule  ;  in  the  Umbellifertc  and  Araliaceic,  there  is  but  one 
avnle  in  each  cell.  When  there  is  more  than  one  ovtiie  in  the 
nrary,  or  in  each  of  its  cells,  the  number  may  be  either  uni- 
itwtn  and  easily  counted,  when  the  ovules  are  said  to  be  definite, 
IM  in  .£»nUtu  {fig.  726), — and  the  ovary  or  cell  is  then  described 
'  ',   triomda/e,  guadriomilfiif,  ^(ti^tMomitate,  &C.-,  or, 
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the  ovule8  nuiy  be  Tery  □nmeroas,  when  they  are  Mud  to  It 
muHiomttaU  or  UtdeJiniU,  bb  in  the  VioUi  (Jig.  32,  ov). 

b.  FoiUian. — The  position  of  the  ovulea  with  regard  to  tti 
eavit J  or  cell  in  which  they  are  placed  ia  alao  liable  to  vaij,  'Bm 
when  there  ii  but  one  ovule,  this  may  ariaeat  the  bottom  of  fii 
ovary  or  cell  and  be  directed  towards  the  sumniit,  aa  is  Compoila 
andPolygoDace«e(^.  722),  when  it  ia  said  to  be  erect ;  oritn^ 
be  inserted  at  the  summit  uf  the  ovary  and  be  turned  downward^ 
aa  in  Jf  ip^ru  (,Jig.  723),  in  which  caae  it  ia  ittoen 


Fio,  723. 
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the  oilier  iwijonilcd.  m,  m.  The  niicrap^lo  of  the  En 
■ijle.    From  JnMleo. 

or  if  it  is  attached  a  little  above  the  base,  and  directed  ob- 
liquely upwards,  as  in  Fariftaria  (fig,  724),  it  ia  at/xudini;  « 
if,  on  the  contrary,  it  arises  a  little  below  the  aammit,  euA  ii 
directed  obliquely  downwards,  as  in  the  Mezereon  (Jig.  72S)  and 
Apricot,  it  is  iii:^niled  ;  or  if  from  the  side  of  the  ovary,  with- 
out turning  upwards  or  downwards,  as  in  Crouidu,  it  is  kni 
amtal  or  ptltate.  In  some  plants,  aa  in  Anaeria  (fig.  632),  th( 
ovule  ia  Huapended  from  the  end  of  a  long  funiculus  arising  fran 
thebaseuf  the  ovary;  such  an  ovule  is  frequently  termed  rediaaJe 
In  the  above  cases  the  position  of  the  ovule  is  in  genera 
constant,  and  hence  this  character  is  frequently  of  mnch  impc 
tance  in  distinguishing  genera,  and  even  natural  ordera.  Tnni 
in  the  ComjioBitee  the  solitary  ovule  is  always  erect ;  while  n 
the  allied  orders,  the  Valerianacete  and  Dipaacaoem,  it  )■  soi 
pended  or  i>endulous  ; — the  two  latter  terms  are  frequently  eon 
founded  by  botanists.  In  the  Pulygonacan  (Jw.  722)  the  orol 
is  also  always  solitary  and  erect ;  and  in  the  Tbymelaoeae  (j!c 
72&)  it  is  susiwnded.  In  other  natural  orders  we  find  the  po* 
tion  raiying  in  diSetent  genum,  eU.Wrai%^  f;eTi«till^  t»      ■     ■•- 
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e  ;  ihiiB,  in  the  Rosacece,  the  genera  Oeuniy  AkhemUla, 
•iBy  have  an  asoending  ovule,  while  those  of  Poterium^ 
orba,  &o.y  have  it  siunended,  and  in  Potentilla  both 
Dg  and  anapended  ovules  are  found.  In  the  Ranun- 
I  alio  we  find  the  ovule  vazying  in  like  manner  us  regards 
tkm. 

will  now  consider  the  position  of  the  ovules  when  their 
r  ia  more  than  one.  Thus  when  the  ovary  or  cell  has  two 
these  may  be  either  placed  side  by  side  at  the  same  level, 
rathe  same  direction,  as  in  NnttuWui^  when  they  are  said 
iOaieral ;  or  they  luay  be  placed  at  diiferent  heights,  and 
usjr  may  either  follow  the  same  direction,  when  they  are 
iMj  or  one  ovule  maybe  ascending  and  the  other  sus[>ended, 
heihu  (Jig.  720).  The  position  of  the  ovules  in  those  cases 
bhsy  are  in  definite  numbers,  is  also  usually  constant  and 
',  and  similar  terms  are  employed  ;  but  when  the  number 
es  in  the  ovary  or  cell  is  indefinite,  the  relations  are  less 
it,  and  depend  in  a  great  measure  upon  the  shape  of  the 
1  the  size  of  the  placentas.  Tlius  in  the  long  ovaries 
ly  of  the  Leguminosaa  and  Crucifonu  {Ji^J,  010),  the 
are  superposed,  and  by  not  crowding  each  other  they 
be  turned  in  the  same  direction  :  while,  on  the  contrary, 
ivnlea  are  numerous,  and  developed  in  a  small  space,  they 
sesaarily  press  against  each  other,  and  act^uire  irregular 
ind  varying  positions,  according  to  the  direction  of  the 
«.  In  describing  these  varying  positions  the  same  terms 
d  as  those  referred  to  when  speaking  of  the  relations  of 
tary  ovule.  These  terms  are  also  applied  in  the  same  sense 
relraons  of  the  seed  in  the  pericarp. 
rtJjonavT  and  Strcctuke  ofthe  Ovule.  — Tlie  ovide  first 
1  on  the  placenta  as  a  little  roundish  cellular  projection, 
gradually  enlarges  and  ultimately  acquires  a  more  or  less 
or  somewhat  conical  form,  and  is  teniied  the  niidiius 
n)'  This  nucleus  is  at  first  |)erfcctly  uniform  in  tex- 
id  appearance,  presenting  no  cavities  exce])t  those  of  the 
ry  parenchymatous  cells  of  which  it  is  com|>oscd,  and 
no  integuments  ;  but  as  development  proceeds  a  spe- 
rity  is  formed  at  or  near  its  apex  (Juj.  728,  c),  in  which 
ibiyo  or  future  plant  is  developed  ;  hence  this  cavity  is 
the  tmbryo-sac.  In  rare  cases,  as  in  the  Mistletoe,  two  or 
Bmbiyo-sacs  are  formed.  Tliis  sac  is  produced  by  the 
development  of  one  of  the  cells  lying  near  the  centre  of 
idens,  which  as  it  continues  to  increase  in  size  presses 
he  surrounding  parenchymatous  cells,  and  thus  occasions 
uore  or  less  complete  absorption.  This  sac  sometimes 
the  almost  entire  absorption  of  the  nucleus,  and  even 
s  beyond  it,  either  through  the  opening  in  its  coats  after- 
to  be  described,  called  the  micropyU  {fig,  731,  m),  or 
h  lit  ndm  in  various  directionSy  by  which  one  or  moT« 
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saccate  i)r»>ce8se8  are  formed.  More  usually,  however,  the 
tissue  of  the  nucleus  is  not  entirely  absorbed,  but  a  thin  layer 
of  celb  is  left  coating,  as  it  were,  the  embryo-sac.  The  ne 
contains  at  first  an  abundance  of  semifluid  protoplasmic  mattv, 
in  which,  before  impregnation  takes  plaJce,  two  rounded  or 
oval  large  nucleated  cells  are  formed,  which  have  been  tenvd 
the  germinal  or  embryonic  vesicles.  Different  views  are  enttf- 
tained  of  the  Htnictiire  of  these  germinal  vesicles.  Thui,  hf 
some  they  arc  regarded  simply  as  masses  of  protoplasm  in  ik 
midst  of  which  is  a  nucleus  ;  while  others  believe  that  this  prod^ 
plasm  and  nucleus  are  surrounded  by  a  cell-wall  formed  of  edht 
lose,  as  will  be  afterwards  fully  explained  when  treating  of  tki 
Keproduction  of  Angios|)ermia.  Less  frequently  one  orthnerf 
these  cells  make  tlieir  appearance.  Sometimes  the  genniul 
vesicles  are  ccmsiderably  elongated,  being  attached  to  theviD 
of  the  embr>'o-sac  by  the  narrower  end,  and  projecting  by  tkff 
free  rounded  extremity  into  the  cavity  of  the  sac. 


Fi«.  7*27. 


Fio.  728. 


Fi«.  729. 


Fio.  780. 


Fi'/.  7*27.  OtiiIo  i)f  the  Mistletoe  (P'Mrwfn  fi/A«rifi).  nraiiHKtlnfir  of  a  naked  im* 

clciiH. Fiij.  72A.  The  sanH»  ovule  ont  viTtlcally  to  sliow  the  embnro- 

Hftcr,  in  the  iincli-us.  n. Fit/.  729.  Ovule  of  thi>  Walnut  (Jtifftaiurrffia), 

n.  rrojoctintr  end  of  the  nnr*l€>u^.    t.  Coat  coverinir  the  nucleus  except  it 

t)u*  fonunrn,  end. Fiif.  TS*).    OvuIh  of  a  Bpeclra  of  Pnli/goMMm,   /.  End 

of  ovnlf*  where  It  [a  nttar;hi-<l  to  tlie  phineuLi.    p.  Primine.    <.  8ecandiiHL 
ex.  £x(i8tonie.    itiii.  Kndi>stouie.    n.  Pnijecttng  end  of  nnoleiu. 


Some  ovules,  as  those  of  the  Mistletoe  {fig,  728),  coniiii 
sim])ly  of  the  nucleus,  h,  and  embryo-sac,  c,  as  above  deacnbed, 
in  which  case  the  nucleus  is  termed  fuiked  ;  but  in  almost  all 
plants  the  nucleus  becomes  enclosed  in  one  or  two  coats.  Thm, 
m  the  Walnut  there  is  but  one  coat,  which  appears  at  first  ii 
a  little  circular  process  around  its  base  ;  this  gradually  increasei 
in  size,  and  by  growing  upwards  ultimately  forms  a  sheath  or 
cellular  coat  to  the  nucleus,  which  it  entirely  closes  except  tk 
the  apex,  w^here  a  small  opening  may  be  alwavs  observed  (fig. 
729,  end).  The  coat  thus  formed,  where  there  is  but  one,  is  called 
the  iuieffumentum  simplex,  «,  and  the  orifice,  end,  at  the  apex 
of  the  nucleus,  n,  is  termed  the  micrtmyle  or  foramt^v.  Besidei 
the  Walnut,  there  is  only  one  coat  formed  m  the  Compositn, 
Campanulaceie,  Lobeliacees,  and  some  other  orders. 

In  most  plants,  howeveT,  the  ovule  has  two  coats,  in  whidi 
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we  ohnBTve  two  circular  or  annular  procosHeii  around  the 

of  the  nucleus,  tlie  inner  one  Vjeing  first  (lerelu]>ed  ;  theHe 
BMet  continue  to  grow  ujiwards  as  l>efure  descrilx^d,  until 

also  ultimately  form  two  slieaths  or  coats,  which  entirely 
Die  the  nucleus  except  at  its  ajtex  (juj.  T^iO).     Tlie  inner 

is  at  fint  seen  to  project  beyc^ud  the  outer,  but  the  latter 
nately  reaches  and  encloses  it.  The  inner  coat  is  usually 
led  the  aecundine,  «,  and  the  outer  the  j/r/m/^t^^,  2*  •  ^'^^t  other 
inists,  following  the  order  of  development  of  the  coats,  ttTui 
inner  coat  the  priminey  and  the  outer  the  tuxundhu^y  thus 
Sling  the  order  of  names  as  alj<n'e  mentioned.  The  orifice 
at  the  apex  of  the  nucleus,  as  in  the  fonuer  instance  whei-e 
r  one  coat  is  present,  is  called  the/^mt/i^/t  or  mivntjtaU'.  The 
dings  in  the  two  coats  commonly  con*esp(md  t<.>  eacli  other, 

it  is  sometimes  found  convenient  to  diHtin^fuish  them  by 
met  names  ;  thus,  that  of  the  outer  is  called  the  vj:oMome 
,  730,  €x)f  that  of  the  inner,  tndoaUnn*;,  vml. 
rhe  nucleus  and  its  coat  or  coats  anf  intimately  connecteii  at 
point  by  a  cellulo-vasculai*  cord  or  layer,  called  the  rhahiyi 
I.  731,  cA,  and  732,  vJi)  ;  but  at  the  other  i>arts  of  the  ovule 
rare  more  or  less  distinct.  This  chal:iz<i  is  the  i>i)int  where 
ressels  pass  from  the  placenta,  or  when  the  ovule  iiK  stalked 
ithe  funiculus,  intt^  the  ovule,  for  the  [>uqM)se  of  afiordiuLf 
liihnient  to  it  ;  it  is  genenilly  indicated  l)v  being  coloured, 
of  a  denser  texture  than  the  tissue  by  which  it  is  surrounded. 
<»h*lii*ik  ig  by  some  considered  as  the  organic  base  of  the 
e,  and  the  micropyleas  the  or^^nic  ai)ex  ;  but  itia  better  to 
k  of  the  hilum  as  the  oi'ganic  base  of  the  ovule,  and  the 
iza  aa  the  base  of  the  nucleus.  Through  the  niicro])yIe  the 
ence  of  the  jKillen  is  conveyed  to  the  embr^'o-suc,  &s  will  be 
ifter  fully  described. 

he  development  and  structure  of  the  ovules  as  descril)ed 
B  refer  only  to  th«jse  of  Angioapermous  ]»lant8  ;  tho.sif  of  the 
nospermia  present  some  very  striking  ditTereiiccR,  wliich  will 
flcribed  hereafter,  when  8i»eakiii«<  of  their  reprtxluctioii. 

ELATION  OF  THE  HlLUM,  ChALAZA,  AND  MllKorVLK  TO  KAf'H 

a. — When  an  ovule  is  first  dcvel«>pe<l,  the  point  of  uninn  (;f 
«ts  and  nucleus,  called  the  chalazji,  is  at  the  bjise  or  hilum, 

to  the  placenta  (»r  funiculus  ;  in  which  case  a  straight 
rould  pass  from  the  micropyle  through  the  axi:i  of  the 
UB  and  its  coats  to  the  hilum.  In  rare  instances  this  rela- 
)f  parts  is  preserved  throughout  its  development,  as  in  the 
ponacese  (Jig.  731)  ;  when  the  ovule  is  termed  orthotrojxj^ia 
vxjpuua.  In  such  an  ovule,  therefore,  the  micropyle,  7/1, 
1  be  ftitnated  at  its  geometrical  a]>t*x,  or  at  the  end  faithest 
red  from  the  hilum,  in  which  case  the  organic  apex  would 
ipond  with  the  geometrical  apex  ;  while  the  cnalaza,  ch, 
I  be  placed  at  the  base  of  the  ovule  or  hilum. 

genermJiijr  hMppeas,  however,  that  tins  ovule,  instead  ol 

r 
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being  straight  sa  io  the  above  insUnoe,  b«comei  saon  gr  b 
curved,  or  even  nJtogether  Inverted.  Iliu  in  tho  Walllo«« 
(Jiy.  732),  and  other  plants  of  the  order  to  <rhich  it  bekmp,  ■ 
veil  M  in  the  Caiyopliyllaceee  and  tmuiy  other  plants,  the  apei  J 
the  ovule  btK»iniea  gradually  turned  downwarda  toward*  ito  ba^ 
and  U  ultimately  placed  clote  tu  it,  so  that  the  whole  ovuls  ii ' 
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Fio.  782. 


upon  itself,  and  a  line  drawn  from  the  niicnipf le,  mie,  tiaix^ 
the  axis  uf  the  nucleus,  n,  and  it^  coats,  would  describe  a  com; 
hence  such  ovules  are  called  campylutropenu  or  carved.  In  tbni 
ovules,  the  chalasa,  cli,  and  hilum  coneHpond  as  in  orthotn^oot 
uues,  but  the  micropjle,  ntif ,  instead  of  being  at  the  genmetrasl 
apex  of  the  ovule,  is  brought  down  close  to  the  hilum  or  Uta 
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H  uTDle  of  U»  Uiillov  Is  lt(  dlffcnol  ibuts  of 
idin  dlCtiromplatfd.  /.  Fui- 


,     ,     ,    ,     .     Thil 
.    kind  <>f  ovule  appears  to  be  formed  hj  one  side  developing  wan 
extensively  than  the  other,  bj  which  the  micropfle  u  potW 
round  to  the  base. 

In  a  tliird  claaa  oE  ovaVes  t\v«  TeVHtiva  ^oaitioiu  of  parti  >• 
exactly  the  reverse  ol  'HoaX  <A  otftuAtocciiia  or-    ■^         -^ 
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m  called  anatropo^u  or  inverted  ovules.  This  arises  from  an 
nesuTe  development  of  the  coats  of  the  ovule  on  one  side,  by 
rludithe  chalaza  (Jig.  734,  ch)  is  removed  from  the  hilum,  h,  to 
hs  geometrical  apex  of  the  ovule ;  the  micropyle,  /,  being  at  the 
me  time  turned  towards  the  hilum,  h.  In  anatropous  ovules 
b  eoonection  is  always  maintained  between  the  chalaza  and  the 
nhmi  by  means  of  a  vascular  cord  or  ridge  called  the  raphe 
[fg,  734,  r),  which  is  generally  considered  as  an  elongated 
Enakulus  adherent  to  the  ovule.  This  raphe  or  conl  of 
Mrtntife  vessels  passing  from  the  placenta  or  funiculus,  and 
wUch  by  its  expansion  forms  the  chalaza,  is  generally  situated 
in  anatropous  ovules  on  the  side  which  is  turned  towards  the  pla- 
centaor  funiculus.  Anatropous  ovules  are  very  common ;  exami)Ies 
■nj  be  found  in  the  Dandelion  {Jig,  734),  Apple,  and  Cucumber. 


Fig.  7S4. 


Fig.  736. 


Fig.  736. 
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/Iff.  734.  Tertlcal  section  of  the  ajMtropona  orulc  of  the  Dundi^Iinn.    h, 
Hilom.   /.  Hicropyle  or  foramon.    n.  NucIt>iM.    f.  Bbmo  uf  tUv  imclcn.". 

eA.  ChaUuA.   r.   Raphe. Fig.  735.   Lonfritudinnl  action  uf  the  semi- 

anftropoos  ovale  of  MteontuHgma  pinitaHJUum.  /.  Fuiiicuhii.  ii.  Nncleun. 
p.  Primine.    tec  Secimdinc.    s.    Enibryo.MC.    ch.   Chalozo.    r.   Kaplio. 

01.  Micropyle. Fig.  736.  Section  of  the  amphitmpous  or  transwrvit 

OTnk  <rf  I^mma  trintlen^  divided  longitudinally.    The  letters  hnre  tht* 
nme  references  as  the  last.    From  iSchleiilen. 

The  three  kinds  of  ovules  mentioned  above  are  those  only 
hich  are  commonly  distinguished  by  special  names  ;  but  there 
\e  two  others,  which  appear  to  be  but  slight  modifications  of 
e  anatropous  ovule,  to  which  the  names  of  amphiiropouH  and 
miranairopoM*  have  been  respectively  given.  The  amphltro- 
t%Uf  or,  as  it  is  also  called,  heitrotropim^  or  fransverse  ovule,  is 
oduced  when  the  hilum,  /,  is  one  side  of  the  ovule,  and  the 
icropyle,  m,  and  chalaza,  ch,  placed  transversely  to  it  {Jig, 
16).  In  this  case  the  hilum  is  connected  to  the  chalaza  by  a 
ort  raphe,  r.  In  the  iemi-aiuitropoMs  ovule  the  relative  posi- 
yn  of  the  parts  is  the  same  {Jig,  735),  but  the  funiculus,  /, 
here  parallel  to  the  ovule,  instead  of  being  at  right  angles 

it. 

The  fuiiher  development  of  the  ovule  will  be  described  "hexe- 
er  ander  the  bei^  of  Reproduction  of  Phanerogamoua  P\aivta. 
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2.    THE  REED. 

Nature  and  General  Characters  of  the  Seed  as  ooi- 
PARED  WITH  THE  OvvLE. — The  Seed  is  the  fertilised  owIil 
Like  the  ovule,  it  is  either  attached  directly  to  the  plaoenti,ii 
which  ciise  it  is  described  as  ses»Ue,  or  by  means  of  a  stalk,  calU 

the  funicnlii4  {figs,  663,  /,  and  737,  /), 
when  it  is  said  to  be  utaiked  ;  its  point  oif 
attachment  is  also  termed  the  At/iim.  Hi 
position  of  this  hilum  may  be  cominoily 
seen  on  seeds  which  have  separated  froa 
the  funiculus  or  placenta,  bythepreieiM 
of  a  scar,  or  in  a  diflferenoe  of  colour  ti 
the  suiToundiug  integument.  The  hiln 
varies  much  in  size,  being  sometimes  rfgj 
minute,  while  in  other  cases  it  extendi fif 
some  distance  over  the  surface  of  theit* 
teguments,  as  in  the  Horsechestnnt  aid 
Calabar  Bean.  The  centre  of  the  hilnm, 
through  which  the  nourishing  vesselspMii 
has  been  called  the  ompJuiMium.  The 
Idlum,  as  in  the  ovule,  indicates  thebiM 
of  the  seed,  while  the  Bi^ex  is  represeDt- 
ed  by  the  chalaza.  This  chalaiza  {ff. 
737,  ch)  is  generally  more  evident  u 
the  seed  thau  in  the  ovule,  and  is  fre- 
quently of  a  different  colom:.  It  is  weD 
seen  in  tlie  Orange,  and  commonly  in  til 
anatropouB  seeds,  in  which  case  also  the 
raphe  may  be  generally  noticed  forming  a  projection  on  the  face 
of  the  seed. 

The  micropyle  also,  although  smaller  and  less  distinct  ibn 
in  the  ovule,  owing  to  a  conti*action  of  the  surrounding  part*, 
may  be  sometimes  observed  on  the  seed  {fig,  737,  m)  ;  its  de- 
tection is  of  some  X)ractical  importance,  as  the  radicle,  r,  of 
the  embryo,  with  a  few  exceptions,  is  directed  towaids  it 
It  should  be  noticed  that  while  the  micropyle  constitutes  the 
organic  apex  of  the  ovule,  the  chalaza  indicates  that  of  the  seed. 
The  terms  orthotropous,  campyloti-opous,  auatropous,  &c., 
are  applied  to  seeds  in  the  same  sense  as  to  ovules  ;  consequently 
the  hilum,  chalaza,  and  micropyle  have  the  same  relations  to 
each  other  in  the  seed  as  in  the  ovule.  Thus  the  hilum  sod 
chalaza  are  contiguous  to  each  other  in  an  orthotropous  seed, 
and  the  micropyle  is  removed  to  the  opposite  end  ;  in  a  ounpy- 
lotropous  seed  the  hilum  and  chalaza  are  also  near  to  etch 
other,  and  the  micropyle  is  brought  round  so  as  to  approach  the 
hiium  ;  in  an  anatropous  seed  the  chalaza  is  removMl  from  the 
hilnm  and  placed  at  ihe  oppoaiVft  en^^  ^\[^e  VSoka  \iAsscn^i\A  «!^ 


/'<>/.  737.  The  ik-cil  of  a 
rea.  with  iU  inti-gu- 
iiitfiits  removed  on  onv 
ti'lo.  pi.  Placenta.  /. 
I'uiiii'ulus.  mp.  liaphe. 
ch.  Chalaza.  m.  >[icr«v. 
Iiyh;.  U:  Te8ta  or  epi- 
hperui.  «>.  En<l(ipteura. 
The  i»art  witidn  t  't 
endoi4cura  is  Uk'  iiu- 
(:h'U:«  of  tijo  ROtfl,  aud 
is  formed  t»f  eotyli*- 
donf,  «■.  Roninmle  or 
plmnnlc,  f/,  rudicle.  /•, 
ond  /  stalk,  or  tip'IIe 
l)ej,woen  the  plumule 
and  nuiicle. 
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.um  correspond  to  each  other ;  while  in  ampliitropous  and 
Du-anatropoua  seeds,  the  chalaza  and  micropyle  are  both  re- 
oved  from  the  hilum,  and  placed  transversely  to  it. 

Almost  all  seeds,  like  ovules,  are  mure  or  less  encl(»8cd  in  an 
mtjy  the  only  real  exceptions  to  tliis  law  l>eiiit(  in  GyniuoMper- 
OQi  plants,  as  already  referred  to  (page  317)  under  the  head  of 
aOvulx;  and  hence  the  diviNion  of  Phanerogaiur>iiH  plants,  as 
zwdy  noticed,  into  the  Gyuniospermia  and  tlie  An^iii8i>eriiiia. 
be  meana  of  distinguishing  fliuall  fruits  from  seeds  iiave  been 
•0  already  described.     (See  page  287.) 

In  describing  the  position  of  the  seed  in  the  ovary,  the  same 
n»  are  used  as  already  mentioneil  (page  318)  under  the  head 
[the  Ovule.  Thus  a  seed  may  bo  ervety  inrvrne,  pemlnhm^^  snx- 
mkit  aacefiding,  &c.  The  number  of  seeds  aintained  in  the 
rait  or  pericarp  is  also  subject  to  variation,  and  correspimding 
smi  are  employed  accordingly  ;  thus  we  say  the  fruit  or  pericaq> 
I  MOnofpermoiM,  bitpermotM,  fn«/^fti(oiM,  q^uulH^pennouify  fjvin- 
wmtrmoHs,  mt4i^ui/>ermotf<,  A'C,  or  oiie-neededj  iw*f-M;edtd,  thire- 
tmd,  fimr-teededj  five-meedfsdj  tnauy-sf^fdedy  &c, 

FoBM  OF  THE  Seed. — The  seed  varies  much  in  fonn,  and, 
B  describing  these  variations,  similar  terms  are  employed  to 
bote  ueed  in  like  modifications  of  the  otlier  organs  of  the  plant, 
"hot,  a  seed  may  be  rounded,  as  in  the  yoMturtinm  (fitj.  738) ; 
wte,  as  in  Folygfthi  (Juf.  748) ;  oval,  as  in  At^iepia:*  {Ji(f.  744) ; 
bovate,  as  in  Delphinium  (Jitj.  741);  reniform,  as  in  Papavi^r 
f9-  739),  &c.  &a 


Fig.  T.W. 


Fio.  739. 


Fu;.  710. 


Flo.  741. 


Fig,  TW.  Rounded  Ne<l  of  \.\\o  WHt<»ron»K«  (.V'tsturtium    oplrittnlf),     Tlic 

VmtA  is  reticalated  or  nctU**!. FOj.  73J».  liviuronii  e«(><l  of  tlu- Poppy 

(l^ipar^r),  with  an  alveoLitc  or  pitt«-d  te*rji. ?\i.  740.  Obnyate  wt**!  of 

the  Larlupor  (Delphimlum),  tlio  tei<ta  of  which  is  markdl  with  ridgi-A  aiid 
fnrrowf.'— — /*^.  741.  Se«d  of  Cliickweeil  {.steHari't)^  the  tunta  of  which  Ih 
tabercnlated. 

Having  now  alluded  to  those  characters,  &c. ,  which  the  seed 

•eases  in  common  with  the  ovule,  we  pass  to  the  considera- 

a  of  its  special  characteristics. 

Stbfctuee  of  the  Seed. — The  need  consists  essentially  of 

>  parts ;  namely,  of  a  Nucleus  or  Kernel  (figs,  85,  em/>,  idh^ 

1  746,  k),  and  Inte^menU  {fiifs,  35,  hit,  and  740,  t). 

1.  The  iNTEOUXBirrs. — There  are  usually  two  seed-coats  or 

egomenta.     These  have  been  variously  named  by  botanistH  ; 

.  terms  emplojred  Id  this  volume,  and  those  moat  freqweiitV^ 
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used,  are  testa  or  episperm  for  the  outer  coat ;  tegtMn  o 
pleura  fur  the  inner  ;  and  apermoderm  for  the  two  when 
of  collectively.  But  some  writers  use  the  word  testa  in  i 
ral  sense  for  the  two  inte^^aments,  and  call  the  exten 
Kpermodenn.  Other  botanists,  again,  describe  a  third  : 
ment  under  the  name  of  tarcoderm  ;  but  this  layer  is  con 
and  more  accurately  considered  as  but  a  portion  of  tin 
integument,  in  which  sense  we  understand  it  here. 

a.  Testay  epigperm,  or  (nUer  integwmerU  (fig,  737,  te). 
integument  may  be  either  formed  of  the  primine  of  tb 
only,  or,  as  is  more  frequently  the  case,  by  the  combii] 
mine  and  secundine.  The  testa  is  generally  composed  c 
nary  parenchymatous  cells  ;  but  in  some  seeds,  as  in  tl 
Acanthodium^  we  have  in  addition  a  coating  of  hair-Ul 
containing  spiral  fibres  (see  page  62).  These  cells  are  ; 
closely  to  the  surface  of  the  seed  by  a  layer  of  mucilage ; 
if  such  seeds  be  moistened  with  water,  the  mucilage 
confines  them  becomes  dissolved,  by  which  they  are  m 
and  then  branch  out  in  every  direction.  It  frequently  h 
also,  that  the  membrane  of  the  cells  is  ruptured,  and  the 
fibres  which  they  contain  then  becoming  imcoiled,  extei 
considerable  distance  from  the  testa.  The  seeds  of  Oo/2of 
page  42),  and  many  other  Polemoniaceous  plants,  &c, 
this  curious  structure,  and  form  beautiful  microscopic  ob 

Colmir,  Texture,  and  Surface  of  the  Testa. — In  colour,  ti 
is  more  generally  of  a  brown  or  somewhat  similar  hue,  ai 
Almond,  but  it  frequently  assumes  other  colours  ;  thus, : 
Poppies  it  is  whitish,  in  others,  black,  in  Indian  Shot  ( 
and  Pteony  also  somewhat  black,  in  the  Amatto  and  Ba 
(Adeiwnthera)  red,  in  French  Beans  and  the  seeds  of  the 
Oil  plant  beautifully  mottled,  and  various  other  tints 
observed  in  the  seeds  of  different  plants. 

The  testa  also  varies  in  texture,  being  either  of  a  soft 
or  fieshy  and  succulent,  or  more  or  less  spongy,  or  roemb 
or  coriaceous,  or  when  the  interior  of  its  cell- walls  is  mucl 
ened,  it  assumes  various  degrees  of  hardness,  and  may 
woody,  crustaceous,  &c. 

The  siu*face  of  the  testa  also  presents  various  appea 
and  is  often  furnished  with  different  appendages.  Thus 
be  smooth,  as  in  Adeuanthera  ;  or  wrinkled,  as  in  2 
striated,  as  in  Tobacco  ;  marked  with  ridges  and  fun 
in  Delphinium  (Jig,  740)  ;  netted,  as  in  NakurtUtm  {fi^ 
alveolate  or  pitted,  as  in  the  Poppy  (fig.  739) ;  tuberculf 
in  Chickweed  (fig.  741)  ;  spiny,  as  in  the  Mulberry,  &i 
testa  of  some  seeds  is  also  fiunished  with  hairs,  whi< 
either  cover  the  entire  surface,  as  in  various  species  of  OtM 
where  they  constitute  the  material  of  so  much  value  call 
ton  (see  page  04),  and  in  the  Silk-cotton  tree  (Bambax)  ; 
may  be  confined  to  certain  pomti^ol  \L«  vsniMA^  «Ainthe 
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),  AioUpioi  (Jig.  744),  Apocynum,  and  Epilobinm  (JUf, 
the  latter  cases  the  tufts  of  hairs  thus  confined  to 
oints  of  the  testa,  constitute  what  is  called  a  comaj  and 
is  taid  to  be  eamose. 


4i. 


Fio.  748. 


Fio.  744. 


Fitt.  745. 


/V^.  743.  8oc<l  of  a  tpedm  of  Pinus,  with  a  winged  ap- 
pendage, IT. —  Fig.  743.  Marginal  or  bordered  ^eed  of 

tjandwort  (ArmttHa). Fig.   744.   Coniose   OTal    «.»e«l 

of  AtetfpinM. Fig.  74^.  Comofle  so«d  of  a  species  of 

Willow  {JSaliz). 


'  feeds,  again,  have  winged  appendages  of  various  kinds  ; 
h»  Sandwort  (fig,  743),  the  testa  is  prolonged,  so  as  to 
inged  margin  to  the  seed,  which  is  then  described  as 
B  or  bordered  ;  while  in  the  seeds  of  the  Fiwis  (fig.  742, 
Ipa,  Bigrumia,  Swietenia,  Moringa,  &c. ,  the  testa  forms 
id  the  seed  is  said  to  be  winged.  These  winged  seeds 
carefully  distinguished  from  samaroid  fruits,  such  as 

Elm,  and  Maple  (fig,  090),  where  the  wing  is  an 
D  of  the  pericarp  instead  of  the  testa.  In  like  manner. 
da  should  not  be  confounded  with  pappose  fruits,  such 
df  the  Compositae,  Dipsacaceie  (fig.  4G3),  and  Valerian- 
r.  462),  where  the  hairy  expansions  belong  to  the  calyx. 
ith  the  testa,  in  anatropous  seeds,  and  the  modifications 
«rmed  homotropous,  and  semi-anatropous  (see^^.  737, 
,  B,  and  756,  r),  the  raphe  or  vascular  cord  connecting 
1  with  the  chalaza  is  found.  Its  situation  is  frequently 
.  by  a  projecting  ridge  on  the  surface  of  the  seed,  as  in 
ige,  while  at  other  times  it  lies  in  a  furrow  formed  in 
taiu>e  of  the  testa,  so  that  the  surface  of  the  seed  is 
and  no  evidence  is  afforded  externally  of  its  position, 
fcetta  is  also  usually  marked  externally  by  a  scar  indi- 
le  hilum  or  point  by  which  it  ia  attached  to  the  funi- 
>laoenta.  The  micropyle,  as  already  noticed  (page  324), 
Iso  sometimes  seen  on  the  surface  of  the  testa,  as  in  the 

7S7,  fn\  but  in  those  cases  where  no  micropyle  can  be 
externally,  its  position  can  only  be  ascertained  by  dissec- 
m  it  will  be  indicated  by  the  termination  of  the  radicle  *, 


32B  TXGUEH    OB  XNDOPLSUBA. 

this  being  directed,  aa  already  allnded  to  (page  3S4),  tom 
micropfle.  In  some  leeds,  at  in  the  ABpusgni,  tbeatu 
the  inicropfle  ia  marked  by  a  atuall  hardened  point,  vfaic 
ratea  like  a  little  lid  at  the  period  of  germinatioii ;  thia  h 
termed  the  embryi 
Fro.  746.  On  removinD  t 

ta,  we  obaerre  tbe 
which  frequently  I 

"  r»pcL  SS"Sf  *^     <>';«'  *!'?  "»"«'  .«" 

«    XT    Wats-  LUr    where  it  termini 

ft|rrr;^».  afta)  mc     cOMtJtutea    the    1 
0«!7<.7*6,(A,aiid7 


Thi 


^        A.°C™^^     ™1  appearancea  ol 
u  cropyis.  p.  Ein.    diffet«i)t  parts  bai 

™'  ^^Jl"^'"    already  deacribed 
"*  page  324.) 

b.  Tegmen,tndt, 
vr  iiiitrHal  mtmbn 
737,0.— The  inne 
brano  "r  coat  of  the  seed  is  eaaentially  parenchymatoua  1 
outer.  Thia  intogunient  ma;  be  either  formed  from  the  1 
uella  coating  ([lage  320)  the  embryo- aac,  BBisuaually  thee 
of  the  letter  combined  with  the  aac  itaelf  ;  or,  in  some  ini 
it  appears  to  arise  from  the  secHndine  of  the  ovule.  TI 
aeema  at  times  to  be  altogethur  wanting,  which  probabl; 
from  its  complete  incorporation  or  adherence  to  tht 
Sometimes  the  embryo-aac  in  the  ripe  eeed  remains 
from  the  albumen  of  the  nucleus  (Jig.  761),  and  remaini 
form  of  a  bag  or  sac  which  envelopes  the  embiyo,  aa 
Nymphrtjaceie,  Piperaceie,  and  Zingiberacete.  To  Uiia 
membrane  the  name  of  riiellvi  has  been  given. 

The  endopleura  is  genersUy  of  a  Hoft  lutd  delicate  nal 
though  BomeUmes  it  is  of  a  fleshy  character  either  entire 
part.  It  ia  usually  of  a  whitish  colour,  and  more  or  leu 
parent.  Tliis  layer  ia  closely  applied  to  the  nucleus  of  tl 
which  it  accompanies  in  all  its  foldings  and  winding*  ; 
some  cases  even  dips  down  into  the  albumen  of  the  nuclc 
thus  divides  it  more  or  lest  completely  into  a  number  of  ] 
in  the  Nutmeg  an<l  Betel-nut  (Jig.  752,  p).  {See  Alavmi 
332.)  The  testa  may  either  accompany  the  endopleur 
windings  ;  or,  as  mure  freipiently  happens,  especituljr  w 
nucleus  is  curved,  the  endopleura  only  follows  the  wine 
the  nucleus,  the  tenta  remaining  in  an  almost  even  oond 
AHIItis. — Besides  the  two  integuments  de>cril>ed  bI 
those  that  are  usually  found  in  all  seeds,  we  occasionally 
the  surface  of  aome  seeds  an  additional  integument,  i 
generally  of  a  partial  nature  (Jt^.  74G,  a,  a),  and  to  wb 
niuae  o!  arillut  or  aril  has  been  f^\en.    Nutniceof  thia  at 
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NMnt  in  the  ovale  till  &fter  the  pruceu  of  fertilisatinn  has 
n^aoe.  Twukisdiuf  aril  have  been  deMribcilbjiJt.  Hilnire 
I  PUnehon,  which  have  been  reapectively  calluil  tha  liiie 
Dm,  ud  the/o/M  arilliu  or  ariUiMtt.  TheM  have  ati  entirely 
Eerent  origin  ;  thuK,  the  tnu-  arillMn  arinus  in  u  HDinewhat 
uUt  manner  to  the  ctiats  of  the  ovule  already  ilcRcribud  (pnge 
It),  that  it  to  ta,j,  it  makes  its  Snt  apiwarance  aruiind  tlie 
[bid  in  the  (orm  uf  an  nnniilar  prucegii  ileriveil  fr<>iu  the  placenta 
fmnenlui,  and  gradually  pTiiceeiU  iipwurdB,  8i>  as  to  priHliiee 
men  or  less  complete  additional  ciiveri:i|:  tu  tlie  SL-cd,  on  the 
itadc of  the  teeta.  This  arillus  is  well  seen  in  tlie  NijmjAnu 
If.  T46,  *,  a)l  But  the  fulte  arillui  or  'irilh-lr  rmm*  fnim  the 
iaofjle,  and  aeems  to  bo  a  development  cir  cipaneion  of  the 
uatoe,  irhich  gradually  eitendx  itaelf  over  the  tetrta  to  which 
fcranacovenng.andaiter  thiiacciatingtheaee<l,  itniaybeoven 
art  back  •gain  ru  at  tn  cnclnse  the  luicropyle.  Tlie  gnuluul 
n^ment  of  the  arilliide  in  the  saird  of  tlie  SmniUe-tree  is 
lU  loom  in  Jig.  747.     In  the  Nutmeg,  the  arilloile  foruis  a 
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lot  oorering  to  the  teita,  which  is  couimonly  known  in  cuni- 
ce  whan  dried  and  preecrred  under  the  name  of  imnv.  Ac- 
ing  to  Miere,  the  arillode  in  the  Spindle-tree  ia  prixlncud 
1  Ute  funiculut  and  not  from  the  exogtoine,  in  which  caae 
onld  neceuarily  be  an  arillus  and  n'>t  an  arilloile  as  com- 
Ij  deacribed.  In  practical  botnny  biith  the  true  arillua  and 
oa«  are  commonly  designated  under  the  general  term  of  nril. 
Tanmeultti^  tytrt^hinlai, — These  are  xniall  irregidar  protu- 
sees  which  are  found  on  varimis  parts  of  the  testii.  They 
■Iways  developed,  like  the  arillua  and  arilliMie,  subsequent 
irtiliaatioD,  and  are  accordinj^ly  nut  fuimd  in  the  ovule.  In 
Milkwort  ijio.  748)  they  are  situated  at  the  base  or  hilnm 
i»  aeed  ;  in  ^e  Asarabocca  {f.g.  740)  and  Violet  on  the  side, 
line  with  the  raphe  ;  while  in  the  Spijn;e  they  are  placed 
lie  ezoatome.  Some  writers  consider  these  carunciilea  aa 
n  <tf  the  aril,  of  which  ihey  then  diatinguiah  four  vahetiu, 
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namelj  :— 1.  The  (rw  ariUut,  as  in  Nymphxa  (Jig,  746, 

2.  The  ariUode  ur  mieropylar  anUiu,  u  in  Eiumymu*  (Jf. 

3.  The  raphian  arilliu,  as  in  ^aarum  (fig.   74B) ;  ud  i 
chaUuxU  an'Utu,  u   in  EpUMum  (fig.  760),  when  the  I 


al  hiliT  pnnMniia 


hairs  at  one  end  of  the  seed  is  regarded  as  an  aril, 
writers  again  partially  adopt  these  views,  and  define  the 
culea  an  tittle  protuberances  occurring  upon  the  seed,  hot 
nting  independently  of  the  funiculus  or  micropjle,  so  tl 
cruiincules  of  Milkwort  and  Spurge,  alluded  to  abon, 
he  regarded  as  an  arillua  or  arillode,  according  to  tt 
■pective  criginB.  Other  botaniatR  again,  instead  of  nu 
two  temia  Btrophiolea  and  caruncules  aa  ajnonymons  wil 
other,  apply  the  former  term  only  when  the  proceaaes  ] 
from  the  hiium,  and  the  latter  to  those  coming  from  the 
pjle.  Altogetlier,  there  is  a  great  difference  of  opinion 
botanists,  as  to  the  application  of  the  terms  caruncnlea  ai 
phioleg  ;  but  in  this  country  they  are  more  commonly 
stood  in  the  sense  in  which  we  have  first  defined  them. 

2.  Thb  NufLEDB  OR  Kehnei  (figi.  36,  emi,  oift,  and ' 
— Tlie  nucleus  of  the  seed  corresponds  to  the  same  po) 
the  ovule  in  a  matui-e  condition.  In  order  to  undent 
structure,  we  must  briefly  narrate  the  changes  whi 
nucleus  of  the  ovule  undei'goea  after  the  process  of  ferti 
has  been  effected.  We  have  already  stated,  that  at  a 
period  before  impregnation  lias  taken  place,  aqoantity  ol 
plasmic  matter  of  a  semi-fluid  nature  is  present  in  the  e 
sac.  Very  soon  aft^r  fertilisation  has  been  accomplish' 
quently  even  before  any  change  is  apparent  in  the  «m 
vesicle,  a  number  of  cells  ore  produced  l^  free  oell-fca 
(ace  Cell-development)  in  the  i&jer  of  protoplasm  lini 
embryo-sac.  These  cells,  which  contain  nutritive  mat 
rsrious  itinds,  eapeciaMy  deM%ae&  lor  fti«  -cuoandomMiJ 
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Fkj.  751. 


riff.  76}.       Vorticftl 
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eniliTTO  which  i«  suhsequently  <lcvflnj»LMl  in  the*  mxc,  are  usiuilly 
Urmed  mfU'»i)€rTn  cells.  The  cells  exist iiii^  outside  the  enihryo- 
ne,  too,  not  infret^uently  become  tilled  with  stHrch  and  other 
nntritire  material,  forming  what  haa  been  called 
thejKriipfrm.     (See  below.) 

The  embiyo,  by  absorbing  the  nfturishment 
bjr  which  it  in  surrounded,  begins  to  enlarge, 
ind  in  80  doing  presses  up<m  the  parenchymat- 
ous oelli  by  which  it  is  enclosoil,  and  thus  causes 
their  absorption  to  a  greater  or  less  extent,  ac- 
cording  to  thesizeto  which  it  ultimately  at t;iins. 
Iniomecases,  the  embryo  continues  to  develoiie 
until  it  ultimately  pnnluces  the  destruction, 
not  only  of  the  parenchymat<.>us  tissue  within 
the  embryo-sac,  as  well  as  the  sac  itself,  but 
•Iio  of  that  of  the  nucleus,  and  it  then  tills  the 
vhole  interior  of  the  seed,  and  is  coated  di- 
nctly  by  the  integimients.     But  at  other  times 
tbe  embryo  does  not  develope  to  any  such 
degree ;  in  which  case  it  is  separated  from  the 
Uteguments  by  a  mass  of  parenchymatous  tissue 
of  Tsiying  thickness  which  may  be  deiived 
bvm.  that  of  the  nucleus  itself,  or  from  lK)th 
^  of  the  nucleus  and  embryo-sac  according  to  the  extent  Ut 
vhich  the  embryo  has  developeil.     To  the  tissue  which  thus 
femains  and  forms  a  solid  mass  round  the  embryo,  the  name  of 
otimmen  has  been  commonly  applied  ;  but  as  the  nature  of  this 
rabstanco  is  different  fnjm  that  called  by  chemists  vegetable 
albumen,  it  is  better  designated  as  the  pt>nnin:i'ni  or  imhsj^rm 
according  to  its  origin  as  describe<l  alxtve. 

Bfith  endanperm  and  per'ntpf.rm  may  be  seen  in  the  Xymj^hiva 
{figs.  746  and  751).     The  general  name  of  annnnfu  will  be  alone 
employed  in  future  in  this  volume,  as  it  is  the  one  best  under- 
stood, and  so  long  as  we  recollect  its  origin  and  nature,  the 
adoption  of  such  a  name  can  lead  to  no  confusion.     From  the 
above  considerations  it  will  be  evident  that  the  nucleus  of  the 
seed  may  either  consist  of  the  embr}'o  alone,  as  in  the  Wall- 
flower, the  Bean,  the  Pea  (Ji<f.  737),  which  is  alone  essential  to 
it  ;  or  of  the  embryo  enclosed  in  aUmwen,  as  in  the  Poppy 
(fy.  765),  Pansy  (/*/.  7t54,  al),  Oat  (f'j.  «U8,  a),  and  i\'»/m;>/wp« 
(Jtg.  751).     We  have  two  parts,  therefore,  to  describe  as  con- 
stituents of  the  nucleus,  namely,  the  albumen  and  the  embr}*o. 
a.   AWumeti,  JE}uiog2)ermy  or  Pcrisjitcnn. — Those  seeds  which 
have  the  embryo  surrounded  by  albumen  are  said  to  be  alha- 
minoHs ;  while  those  in  which   it  is  absent  are  ej-aUAtminous, 
The  amount  of  albumen  will  in  all  cases,  as  described  above,  be 
neceflaarily  in  inverse  proportion  to  the  size  of  the  embryo. 

The  cells  of  the  albumen  contain  various  substances,  such  as 
BtATcb,  mnd  oily  matters,  either  se])arate  or  couibmed,  and  \\\ft^ 
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thuB  Mt  Bs  reaerroira  ot  nutriment  for  Uie  uw  of 
during  the  procen  of  germination.  The  vaijiagvoa 
cells,  together  with  certain difTerences  in  theoooaistA 
walls,  cause  the  albumen  to  assume  different  appe«n 
seeds,  and  thus  frequently  to  afford  good  clunotai 
of  different  seeds.  Thus,  the  albumen  i*  de«crib» 
atarehy,  or  fariaaceoiuif  when  its  cells  are  filled  n 
granules,  as  in  the  Oat  and  other  Cereal  grains  ;  it  L 
^ethy,  as  in  the  Barberry  and  Heartsease,  when  it 
soft  and  thick  ;  or  when  its  cells  contain  oil-globnlei 
Poppy  and  Cocoa-nut,  it  is  oily  ;  or  when  the  cells  a; 
chiefly  formed  of  mucilage,  as  in  the  Mallow,  it  is  mt 
and  when  the  cells  are  thickened  by  layers  of  a  haidei 
BO  that  they  become  of  a  homy  consistence,  as  in  t] 
the  Vegetable  Ivory  Palm  and  Coffee  plant,  the 
described  as  Iwrny.  These  different  kinds  of  albuu: 
quentlj  more  or  less  modified  in  different  seeds  by  tiix 
of  one  with  the  other. 

Generally  speaking,  the  albumen  also  presents  a  i 
pearance  throughout,  as  in  the  seeds  of  the  Vesel 
I^lm  ;  butatothertimea  it  iamoreorlessseparatedi 
compartments  by  the  fiilding  inwards  of  the  eni 
already  described  (see  page  326).  In  the  latter  casa  the 
said  to  be  mini nnf  erf,  as  in  the  Nutmeg  and  Betel-nut  ( 


b.  The  Embriio  is  the  rudimentary  plant,  and  ii 
all  Beed».  The  presence  of  a  true  embryo  is  the  esi 
racteristic  of  the  seed  of  flowering  plants ;  for  a  s] 
repnidnctive  body  of  a  flowerless  plant  ia  called,  1 
embryo,  but  it  merely  consists  of  one  or  more  cells 
exhibits  any  distinction  of  parrs  until  it  begins  to 
the  ordinary  process  of  vegetation,  and  then  only  in  c< 
Tlie  embryo  being  the  rudimentary  plant,  it  ia  nee 
most  important  part  of  the  seed,  and  it  contains  witt 
an  undeveloped  state,  all  the  essential  parts  of  whic 
ultimately  composed.  Thus  we  distinguish,  as  alread 
the  first  chapter,  three  part*  m  fti^  em\«i<>  '>  t»M"* 
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argemmule,  and  one  or  more  cotyhihrns.  These  parts  may 
ilj  recognised  in  many  sceda  ;  thus  in  the  embryo  of  the 
ig,  753),  the  lower  portion,  r,  is  the  radicle  or  portion  from 
leroot  is  developed ;  the  two  expanded  lobed  l>odie8  above, 
I  the  cotyledons ;  and  between  these  the  plumule  or  gem- 
placed.  In  the  Pea,  again  (/ujp.  14),  the  two  fleshy  lolies, 
I  the  cotyledons,  between  which  there  is  situated  a  little 
9  process,  the  upper  part  of  which  is  the  plumule,  u,  and 
er  part,  r,  the  radicle.  These  parts  are 
tar  observed  when  the  embryo  lias  begun 
lope  in  the  process  of  germination  ;  thus 
6,  which  represents  the  French  Bean  in 
idition,  r  is  the  radicle  from  which  the 
re  being  given  off  below,  the  cotyled«m8 
ked  e,  r,  and  the  plnmule  is  seen  coming 
A  between  the  cotyledons,  and  forming 
ocmtinnation  of  the  axis  from  which  the 
developed  below.  By  some  b<itanists, 
it  of  union  of  the  base  of  the  plumule 
6  radicle  and  cntyled<ms  is  called  tlie 
e  or  tigelle  ;  this  is  generally  a  mere 
vat  at  other  times  it  forms  a  short  stalk 
,  if  and  737,  0-  Plants  which  thus  possess 
fledons  in  their  embryo  are  called  Di- 
nous.  But  there  are  plants  in  which, 
kdy  noticed,  there  is  commonly  but  one 
yn  present  (fiy9.  754,  r,  and  (ilW,  r), 
ich  are,  accoitlingly,  termed  ALmfMohf- 
9.  In  rare  instances,  however,  a  mono- 
>noas  embryo  has  more  than  one  coty-  /'/•  75i. 
Jidthen  the  second  cotyledon  alternates 
le  first,  instead  of  being  opposite  to  it, 
rariably  the  case  with  the  two  cotyledons 
•tyledonous  plants.  By  the  diiSerence 
■esented  in  the  embryos  of  Flowering 
as  already  described  in  tlie  first  chapter,  these  plant^i  arc 
into  two  great  classes,  called  respectively  JHcotyl^^douvs 
ffiocatylecUmeB.  The  si)oreof  Flowerless  Plants,  having  n«.> 
ibryo,  can  have  no  cotyledon,  and  such  i)lant»  are  there- 
med  AcotyUdmitnts.  Hence  we  have  primarily  two  great 
m  in  the  Vegetable  Kingdom,  namely,  the  Cotyledouen  and 
i^^tdoM9  ;  the  former  being  again  <livided  into  the  Moua- 
vies  and  the  IHc4ftyleii4nws.  The  structure  of  the  sjx^re, 
ler  characteristic  ])eculiarities  of  the  reproductive  organs 
Vootyledones,  will  bo  described  hereafter  ;  hence  we  have 
irefore  only  to  allude  to  the  embryo  of  the  Dicotyledcmes 
Monocotvledones,  but  before  doing  so  we  must  say  a  few 
m  to  the  development  of  the  embryo. 
io/mtent  of  the  Embryo. —yflien  the  procean  oi  letlVWafc- 
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tiun  has  been  effected,  the  embryo-sac,  as  already  noticed,  be> 
comes  filled  with  a  mass  of  loose  cells  developed  from  the  pio* 
toplasm  it  contains  (see  page  330),  and  which  are  destined  lor 
the  support  of  the  embryo.  The  embryo  is  thus  fomiiliBi 
with  materials  necessary  for  its  growth ;  and  in  the  grette 
number  of  instances  commences  an  active  development  Bit 
in  a  great  many  plantH  no  change  in  the  embryonic  vesicle  ii 
observed  till  some  time  after  the  entrance  of  the  poUen-tubi 
into  tlie  embryo-sac.  More  especially  is  this  the  case  wi& 
many  trees,  such  as  the  Oak,  Be«ch,  aiid  Elm,  when  a  wedc 
more  may  elapse  before  the  changes  which  we  are  about  to  de- 
scribe take  place.  The  embryo  is  not  directly  formed  from  tin 
embryonic  vesicle,  but  this  latter,  growing  rapidly  in  the  dirM- 
tion  of  the  long  diameter  of  the  embryo-sac,  becomes  adheraii 
to  the  wall  of  the  sac  near  the  micropyle,  and  also  divided  hf 
transverse  partitions,  so  that  a  string  of  cells  of  varying  lengtt 
is  formed,  known  as  the  pro-embryo  or  suspensor.  The  tem- 
inal  cell  of  this  body  continues  to  increase  in  size  by  the  prooes 
of  cell-division,  and  soon  forms  a  little  rounded  or  somewlut 
oval  cellular  body  at  the  end  of  the  suspensor  (Jig,  756,  l\ 
.^.  This  cellular  body  continuing  its  grow& 

Fic;.  i5o.  g^^j^  begins  to  alter  in  shape,  and  assume 

that  of  the  embryo,  of  which  it  is  the 
early  stage ;  thus,  the  upper  extremity  in 
contact  with  the  suspensor,  tapers  some- 
what and  forms  the  radicle,  while  the 
lower  extremity  gradually  becomes  di- 
vided into  lobes,  whicli,  by  increasing  in 
Fi(7. 758.  Diagmmi  ii)owin(r  gTovrth,  form  the  cotyledons.    These  dif- 
tiie  proKTCMive  develop,   ferent  stages  in  the  development  of  the 
SU'  V  F:Sf£.M.Z"  dicotyledonous  emb.70  ar«  JS^g^^nmrti- 
2,  n.  ^^ncceesive  stnpe*  of  cally  illustrated  m  fig,  755,  1,  2,  3,  4. 

vSopcdstoKc  ^*  ^***  ^''^  During  this  gradual  enlai^gement  of  the 
ve.opoa  stage.  embryo  the  suspensor  dies  away,  and 

from  the  axil  of  the  cotyledons  the  plumule  is  subsequently 
developed.  The  formation  of  the  monocotyledonous  embryo  is 
essentially  the  same,  except  that  the  lower  end  remains  undivided. 
From  this  mode  of  development  of  the  parts  of  the  embryo,  it 
muRt  necessarily  follow  that  the  radicle  is  pointed  towards  the 
apex  of  the  nucleus  or  7nicropyle  (fig.  770,  r),  and  the  cotyle- 
donary  portion  towards  the  opposite  extremity  or  chalasa,  ck. 

Tliere  are  some  natural  orders  which  offer  an  exception  to 
the  above  process  of  development.  Thus  in  the  Orchidaceffi, 
Orobanchacese,  and  Balanophoracess,  the  radicle  and  cotyledons 
are  never  clearly  distinct  from  each  other,  but  the  embryo 
appears  to  bo  arrested  at  one  of  the  early  stages  of  its  develop- 
ment. 

It  sometimes  happens  that  more  than  one  embryo  is  developed 
in  a  seed.     This  is  very  commowY^  ^i)icL<b  caa^Vn  >i2bAQre%s^gbiAd 
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Mifttletoe,  and  it  is  a  conntant  character  in  (!yn)n«»s]iormoii8 
Plants  (*.<■  Reprodcction*  of  Gymn<hpekmia).  Of  these  eni- 
tiryot,  only  one  usually  becomes  perfectly  dcveloiHJcl.  Plants 
thni  prodndng  more  than  one  embryo  are  said  to  be  jtttUjvmhnj' 
tmr.  With  these  remarks  upon  the  development  of  the  em1>ryf> 
gmtnlly,  we  now  proceed  to  the  description  of  that  of  Memo- 
cotyledononB  and  Dicotyledonous  plants. 

(a)  TKt  Motu)mtyle/ionnnj§  Emhnjn. — The  |Mirts  of  tlie  mono- 
oot^IedonouB  embryo  are,  in  general,  by  no  means  ho  a]>]uirent 
uthtne  of  the  dioi>tyledonons.     Tlius  the  embryo  at  tint  sight 
externally,  usoally  apiHsars  to  be  a  solid  undi- 
vided body  of  a  cylindrical  or  somewhat  club-  1*10.  75n.  Fio.  707. 
ihued  form,  as  in  Tryjliichitt  (Juj,  757) ;  but 
if  toil  he  more  carefully  examined,  a  little  slit, 
/,  or  chink,  will  bo  observed  on  one  side  near 
tbe  bue ;  and  if  a  vertical  section  bo  made 
pindleltothis  slit,  a  small  conical  projection 
will  be    noticed,   which  c<irresp(mdB    to   the 
Jthunule:  and  now,  by  making  a  horizontal 
lection,  the  cotyledon  will  be  noticed  to  be 
ibUed  ronnd  the  plumule,  which  it  hiul  thus 
ilmost  entirely  removed  fn>m  view,  only  leav- 
ing* little  slit  oorrespcmding  to  the  union  of 
the  margins  of  the  cotyledon ;  and  which  slit 
thns  became  an  external  indication  of  the  pre- 

■enoe  of  the  plumule.     In  fact,  the  position  of  /'«>/. 

the  cotyledon  thus  rolle<l  roimd  the  plumule, 

tt  analogous  to  the  sheatlis  of  the  leaves  in 

most  Monocotyledonous  plants,  which  thus,  in 

a  similar  manner,  enclose  the  young  growing 

parts  of  the  stem. 

In  other  monocotyledcmous  embryos  the 

different  parts  are  more  manifest ;  thus,  in 

many  Grasses,  as,  for  instance,  the  Oat  (Ji'j. 

698),  the  cotyledon,  r,  only  partially  encloses 

the  plumule,  </,  and  radicle,  r  ;  and  thus  these 

parts  may  be  readily  observed  in  a  hollow  siKice  on  its  surface 

We  have  already  stated  (page  333)  that  a  monr^'f  ityledonous 
embryo  has  occasionally  more  than  one  i^otyledon.  in  which  case 
the  cotyledons  are  always  alternate,  ami  hence  such  embryos 
are  readily  distinguislied  from  those  of  Dicotyledonous  plants. 
where  the  cotyledons  are  always  opposite!  to  each  other  if 
there  are  but  two,  or  whorled  {Jifj.  702,  r)  when  they  are  more 
numerous. 

The  inferior  extremity  of  the  radicle  is  usually  rounded  (^fig. 
757,  r),  and  it  is  through  this  point  that  the  r(M>ts,  r,  burst 
in  germination  ( fifl.  754).  Tlie  nulicle  is  luually  much  shorter 
iAMti  the  cotyledon,  and  gonomlly  tJiicker   and  dewaei  m  \\A 
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nature ;  but  in  some  embryos  it  is  aa  long,  or  even  longer,  li 
which  case  the  embryo  is  called  macropodofu, 

(b)  The  Dicotyledfmaus  Embryo, — These  embiroa  rarjnt^ 
much  in  form  :  most  frequently  they  are  more  or  leas  oTal,  nil 
the  Bean  and  Almond  {Jig,  758),  where  the  embryo  cxnuata  d 
two  nearly  equal  cotyledona,  c,  between  which  ia  enclosed  a  ml 
axis,  the  upper  part  of  which,  g,  is  the|>{t/miile,  and  the  lower,  r, 
the  radicle.  This  point  of  union,  or  apace  between  the  ladkk 
and  cotyledons,  is  called  the  caiUiaiU  or  tigtlU,  i ;  this  mm 
germination  appears  as  a  little  stalk  {fig.  16,  t),  sapportng 
the  cotyledons. 

In  by  far  the  majority  of  cases  the  two  cotyledona  are  nen^ 
of  equal  size,  as  in  the  Pea  {fig,  14,  c,  c) ;  but  in  some  embrjni^ 


Fig.  758. 


Fig.  76L 


Flo.  760. 
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Fi'j.  7!}H.  Tlic  piiilryo  of  the  Almond  {Amifgdoiv*  enmmnnU)  from  wbidi 
one  of  tlio  cotylodona  ha*  Ut-n  nMnoved.  c.  The  ootylodon  which  h« 
iHi'ii  lolt.    r.   IladicU'.    g.   riunmle.    t.  Tigelle  or  caulicale.    e*.  8g« 

left  by  the  removal  of  the  otluT  ctityletUm. Fiij,  769.  Vertical  aectloB 

of  the  tMiibrvo  of  a  «iK>cii*«  of  HittJMi.    €'.   Large  cotyledon,    c  Small 

cotyhidon.    g.  riunmle.    r.  Radicle. Fifi.  760.  Vertical  Motion  of  the 

embryo  of  Oiraj>a  ijiiOfn^ti*in,  sliouinR  the  almost  complete  union  of  the 

fiitylwloiiH,  tlio  line.  r.  only  dividing  them.    r.  Hadiclc.    g.  Plumule. 

Fitj.  7fil.  Tlie  embryo  of  J'ekm  butyi^Mi.  t.  Large  tigello.   c.  Rudimentaiy 
cutyli'doiis. 

as  in  Trajxij  Bomc  Hirspas,  &c.  (/w.  759,  c\  c),  they  are  very  on- 
etpial.  Again,  while  the  cotyledons  usually  form  the  gnster 
part  of  the  embryo  {fig.  14,  c,  r);  in  other  instances,  as  inPdm 
bntijroiui  {fig.  701,  c),  they  funn  but  a  small  portion.  In  Caropa 
{fig.  700),  again,  the  two  cotyledons  become  tinited  moreorlen 
completely  into  one  body,  so  that  the  embryo  appears  to  be  moDO- 
cotyledon(ma  ;  but  its  nature  is  readily  ascertained  by  itsdiffifr- 
rent  j>osition  of  the  x>hnntde  in  the  two  cases ;  thus,  in  the  mono- 
cotyledonous  embryo  the  plumule  is  situated  just  below  the 
suriface  {fig.  698,  g)]  but  here  (fig,  760),  the  plumule,  ^,  is  in  the 
axis  of  the  cotyledons. 

The  cotyledons  are  sometimes  altogether  absent,  as  in  CSuniia. 

At  other  times  their  number  is  increased,  and  this  may  either 

occur  as  an  irregular  character,  or  as  a  regular  condition,  as  in 

ntMny  Coniferw  {fijg,  *4^,  c>,  YrYvftw  ^^  IwwjaAjisftl'^  %nd.%vs.^  nine, 
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Fig.  702. 


Fio.  7C3. 


/'if/.  762.  Tlio  «o.caIled 
p  jlycotf  IMoiiou^  em- 
bryo of  a  Hjjer^le*  of 
/Unus  hvftflnninfi  to 
Kfrnilnate.  r.  (^otylii- 
don-.    r.    Rnilicie.    t. 

Tijc?!!.;. Fiff.    763. 

Tn«»  cnihryo  of  6>/-rt- 
nium  mol'le.  <•.  Cotv- 
le<loiis,  eacli  of  which 
ix  loinewtiat  lobiil, 
anti  furni^htHl  with  a 
I»otl  )Ie,  p.   r.  Radicle. 


i  fifteen  cotyledons  ;  hence  such  embryos  ]iave  been 
polyooi^/Udorurtts,  It  seems,  however,  that  this  appear- 
A  laiger  number  of  cotyledons  than  is  usual  in  Dicotyle- 
plante,  arises  from  the  normal  number  becoming  divided 
» their  base  into  segments.  In  all  cases  where  the  number 
ledons  is  thus  increased,  they  are  arranged  in  a  whorl 
8,c) 

cotyledons  are  usually 
td  fleshy,  as  those  of  the 
nd  Almond  {fig.  758),  in 
MB  they  are  termed  fleshy  ; 
'  times  they  are  thin  and 
>,as  in  the  Lime  (Jig.  753  c  c), 
tey  are  said  to  be  foliiue' 
IB  foliaceous  cotyledonn  are 
tly  provided  with  veins, 
mata  may  be  also  some- 
weired  on  their  epidermis : 
ie  structures  are  rarely  to 
nd  in  fleshy  cotyledons. 
Mtyledons  serve  a  similar 
tothe  albumen,  by  acting 
roin  of  nutritious  matters 
ise  of  the  young  plant  during  germination  ;  hence,  when 
men  is  absent,  the  cotyledons  are  generally  proj)ortion- 
oeased  in  size. 

cotyledons  are  commonly  sessile,  and  their  margins  are 
entire,  but  exceptions  occur  to  both  these  characters  ; 
Otramum  molU  {fig.  763,  p),  they  are  petiolate ;  while  in 
e  (fy.  763,  c,  c)  they  are  distinctly  lobod  ;  and  in  the 
m  {fig.  763,  c),  they  are  also  somewhat  divided  at  their 

t 

cotyledons  also  vary  in  their  relative  ix>sitions  to  each 
Gtenerally  they  are  placed  parallel,  or  face  to  face,  as  in 
lond  {fig.  758),  Pea  {fia.  14),  and  Bean  ;  b«t  they  fre- 
depart  widely  from  such  a  relation,  and  ansume  others 
IB  to  those  already  described  in  speaking  of  the  vema- 
.eavee  and  the  leBtivation  of  the  floral  envelopes.  Thus 
h»  cotyledons  may  be  either  redinatej  cojuiuplicate,  co)i- 
it  circinate.  These  are  the  commoner  conditions,  and 
inBtances  both  cotyledons  are  either  folded  or  rolled  in 
)  direction,  so  that  they  appear  to  form  but  one  body  ; 
■e  caaes  they  are  folded  in  opposite  directions,  and  become 
or  obvoluU ;  or  other  still  more  complicated  arrange- 
lay  oocor. 

rltion  of  the  radicle  in  relation  to  the  cotyledons  is 
to  much  variation.     Thus  the  radicle  may  follow 
»  direction  as  the  cotyledons,  or  a  different  one.     In  the 
if  the  embryo  be  atraight,  tlie  radicle  wiU  be  mot^ 

z 


us 
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or  lea>i  cnntiiuinui  in  a  Ktraight  line  vith  the  cot7tedaTU,llii' 
theFaney  [Jiij.  764,  r)  ;  if, on  the  contrary,  thsembrjoiicniTd, 
tlie  radicle  n-ill  hu  ciirred  n-lso  {Jig.  TtfS),  and  Bometima  tti 
curvature  ia  no  groat  that  a  spiral  is  formed,  as  in  Buniai  Iff, 
7l>t>)<  In  the  latter  case,  where  the  direction  of  tlie  cotjleta 
and  radiuli!  is  different,  the  latter  nay  form  an  acut«,  obtoM, « 
rit{ht  angle  to  them  ;  or  lie  folded  back  to  inch  an  extent  uU 
lie  iiarallel  to  the  cotyledons,  in  which  ease  the  radicle  m^'  ti 
either  applied  to  their  marginn,  as  in  the  Wallflower  (^.  768)^ 
when  the  cotyledoas  are  said  to  be  accumbent ;  or  againit  fli 
hack  of  oneof  thein,  nsin/«'((s(_/i7. 7G7,  r),  when  the  cotyledoBi 
are  iiirum}iriil.  The«e  ternia  are  chieflv  used  in  reference  t* 
Cruciferoiifi  plants  (.««  Craciferre),  which  are  bent  arrupd 
according  to  the  manner  in  which  the  dtflerent  parte  of  the 
embryo  are  folded,  and  their  relative  poiitinns  to  each  other. 


--  — «((.  J».  ^ 

frniirjn  (illjrhtlT  cnrrnl  In 

l>H<i)nii  dC  tin  neA  of  BhiiI     , 

BnilwjD  of  llM  Wild  llmlli  ll»f«iiiai. 


Having  now  desorilied  the  general  charactete  nf  the  moiw*"- 
tyledonona  and  dicotyledonous  embryo,  wo  have,  in  the  W 
place,  to  allude  briefly  to  the  relation  which  the  embryo  iuw 
Iwars  to  the  other  parts  of  the  seed,  and  to  the  pericarp  arm 
in  which  it  ia  placed. 

Retation  of  tlit  Emhnjn  io  the  othtr  ParU  of  thf  Sttd,  andUtOn 
Fniif.—la  the  first  place  with  regard  to  the  albumen.  ItnW* 
necessarily  happen  that  when  the  albumen  is  prewnt,  the  •» 
of  the  embryo  will  be  in  the  inverse  proportion  to  it ;  thm'" 
fJraaies  (fij.  698)  wo  have  a  Uree  deposit  of  albumen  and  bat* 
■mall  embryo,  while  in  the  Nettle  (Jij.  769)  the  embryo  i»  W" 
and  thealbnmen  very  small.  Tlieemhryo  may  be  either  eitan* 
to  the  albumen  {figi.  1198  and  772),  and  Ihoa  in  contaot  withths  W- 
to^iment8,  a»inGraasen,ii\w'S\c\vc*«i\ia4«MTAKA»»«ii«ra»; 
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i  may  be  snrronnded  by  the  albumen  nn  all  nides,  except  on 
ndumUr  extremity,  as  in  the  Pansy  (Juj.  704),  when  it  is 
mill.  Sometimes  the  end  of  the  radicle,  as  in  the  Coiiifeni>, 
naem  united  to  the  albumen,  and  can  no  longer  l)e  distin- 
dMd. 

riie  embryo  is  said  to  be  axile  or  ax'uil  when  it  has  the  same 
Ktioa  as  the  axis  of  the  seed,  as  in  Heartsease  {Jiij.  764,  pi); 
■Then  this  condition  is  nut  complied  with,  it  is  ahaxile  or 
nMcj  as  in  Bnmtuc  ( fig,  770,  pi).  I  n  the  latter  case,  the  embryo 
veqiiently  altogether  on  the  outside  of  the  albumen,  and 
Betfy  below  the  mteguments,  as  in  MiraltilisJalapa  (fi'j-  771, «) 
1  Lyc^HM  (Jig.  772,  em'>),  when  it  is  described  as  periphcri-aL 


Flo.  770. 


¥ia.  769. 


Fio.  771. 


^.7tB.  Vertical  Hcction  of  tin*  AchirniuTn  of  tlio  Xnttlc,  mntnlninar  a 
fSngUi  seed.    /.  Int^'gumnnfA  of  the  neo^l.    p'.  IMaciiitn.    r.  \l(nUcU'..    ft, 

Btirma. Fiff.  770.  Vfrtlrnl  wrtiim  of  tlu-  fruit  of  the  l>«H'k  {R'it»f.r). 

©*.  Pwicarp.    mte.  Micropyle.    pJ,  Eniliryo  towunN  ono  wiilo  of  tlie  albii- 

men,  atb.    rh.  Chalaaa.    r.  H:idirl-. Fi»j.  771.  Wrtu-ul  !»«.n!oii  of  t!i«' 

carael  of  MirtMtU  Jttla/^t,  contnliilnf?  *»nr  nri-d.    a.  l\TicTir|t.    ji   Styl'\ 
f,  Feriphcrical  embryo  with  its  nuli«?h-,  r.  ami  cotyh-dun^.  r.    p.  AHm- 

men.  t.  IntcfnimMit-»  of  the  se**!. Fitj.  772.  Vortieul  H-vtiim  of  tli*-  .M'pd 

of  LpfhnU  dioiai.    U,  Intc{runieiit«.    emb.  Kuibryo  on  tlic  outsiih-  of  tho 
albamen,  «/6. 

SVe  have  already  observed,  that  thenwliclo  is  tiimeil  towarrls 
mioropyle  {fig.  770,  r),  in  which  case  it  is  wiid  to  be  hmm- 
5ic,  and  the  cotyledt)nary  extremity  t^^  the  clialajca.  ch.  Some 
irent  excei»tions  to  these  relative  positions  occur  in  the 
horbiacea*,  and  a  few  other  })1ants,  when  the  radicle  is  de- 
)ed  as  enaHtiohlastir, ;  but  sucli  are  merely  accidental  devia* 
t  arising  from  certain  trifling  irregularities,  in  the  course  of 
development  of  the  parts  of  the  seed. 

BHiile  the  relatiim  of  the  radicle  and  cotyledonary  portion 
has  seen  to  be  generally  constant,  it  must  necessarily 
pen  from  the  varying  relation  which  the  hiluin  Inmrs  to  the 
-opy)B  Mnd  ohAlasa,  iliat  its  relation  to  the  radicle  and  cotv- 
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ledonary  p(»rtion  of  the  embryo  must  also  Yvry  in  like 
Thus  in  an  orthotropous  seed,  aa  Bumex  (fig.  770),  th 
and  hilum  coincide  with  each  other,  and  the  radidlc 
turned  towards  the  apex  of  the  seed,  and  the  ooiy 
portion  to  the  chalaza  and  hilum ;  in  this  case  the  e 
said  to  be  antitropo^is  or  inverted  {figs.  722  and  770] 
anatropous  seed,  as  Pansy  {fi^.  764),  where  the  micropjf 
tiguous  to  the  hilum,  h,  and  the  chalaza,  e^,  at  the 
extremity,  the  radicle,  r,  will  point  towards  the  hilnm 
of  the  seed,  and  then  the  embryo  is  said  to  be  erect  or  hom 
In  a  campylotropous  seed,  where  the  chalaza  and  micr 
l>oth  near  to  the  hilum,  as  in  Lychnis  (fig.  772), 
extremities  of  the  embryo,  which  in  such  cases  is  j 
peripherical,  become  also  approximated,  and  it  is  sa 
amphitropotis.  Thus,  when  we  wish  to  know  the  dir 
the  embryo,  by  ascertaining  the  position  of  the  hilum, 
and  micropyle,  it  is  at  once  evident. 

We  have  now  lastly  to  explain  the  different  terms  wli 
use  to  express  the  relations  which  the  embryo  bears  to  i 
or  cell  in  which  it  is  placed.  We  have  already  detci 
terms  used  in  defining  the  p^osition  of  the  seed  to  the  aai 
{nee  page  325),  which  we  found  might  be  either  erect, 
suspended,  pendulous,  ascending,  or  horizontal,  in  the  sa 
as  previously  mentioned  when  speaking  of  the  ovule  (p 
The  radicle  is  said  to  bo  s^iperior  or  ascending^  as  in  11 
{fi^.  769,  r)  and  Rumex  {fig.  770,  r),  when  it  is  directec 
tlie  apex  of  the  cell  or  pericarp  ;  inferior  or  descending 
points  to  the  base  ;  centripetal  if  turned  inwards  to« 
axis  or  centre  ;  and  centrifugal  when  it  is  turned  toii 
sides.  The  above  relations  of  the  embryo  to  the  othei 
the  seed  and  to  the  cavity  or  cell  in  which  it  is  ph 
sometimes  of  great  practical  importance. 

Section  7.     General  Morphology,  or  the  Theoi 

Structure  of  the  Flower. 

Having  now  taken  a  comprehensive  view  of  the  dif 
gans  of  the  iiower,  we  are  in  a  position  to  examine  in  < 
theory  which  has  been  kept  constantly  in  view  in  thei 
tion,  namely,  that  they  are  all  modifications  of  one  comi: 
— the  leaf.  The  germ  of  this  theory  originated  with 
but  the  merit  of  having  first  brought  it  forward  in  a  com] 
is  due  to  the  poet  Goethe,  who,  as  far  back  as  1790,  ] 
a  treatise  On  the  Metamorphoses  of  Plants.  The  appe 
Goethe's  treatise  at  once  drew  the  attention  of  botanii 
subject,  and  it  is  now  universally  admitted,  that  all  t 
of  the  fiower  are  formed  upon  the  same  plan  as  the  leaf, 
they  owe  their  differences  to  special  causes  connected 
/unctions  which  they  Yiave  m\qt^^  \a  ^Tictns^    * 
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mng  designed  to  elaborate  nutriment  for  the  support  f^f 
lant,  has  a  form,  structure,  and  Ci^lour  which  are  adapted 
it  purpose  ;  while  the  parts  of  the  iitiwer  being  deni^ned 
s  purpose  ojf  reproduction,  have  a  stnicture  and  appearance 
i  enable  them  to  perform  their  several  functions, 
was  formerly  said  that  the  parts  of  the  flower  were  nieta- 
bosed  leaves,  but  this  is  stating  the  cjuestion  too  bnuuUy, 
lie  they  have  never  been  leaves  ;  tliey  are  to  be  considcreil 
IB  komologcffts  parts  to  leaves,  or  parts  of  the  same  fuiida- 
il  nature,  that  is,  as  well  stated  by  Lindley,  *  constructed 
Bnme  elements  arranged  upon  a  common  plan,  and  vary> 

I  their  manner  of  development,  not  on  account  of  any  ori- 
diflerence  in  structure,  but  on  account  of  special,  hx:al,  and 
ipoeing  causes  :  of  this  plan  the  leaf  is  taken  as  the  type, 
MS  it  is  the  organ  which  is  most  usually  the  result  of  the 
iopiiient  of  those  elements, — is  that  to  whicli  the  other 

II  generally  revert,  when  from  any  accidental  disturbing 
I  wiy  do  not  sustain  the  appeanince  to  which  they  wt;re 
itUy  predisposed, — and,  moreover,  is  that  in  wliich  we  have 
Dost  complete  type  of  organisation/  and,  we  may  add,  is 
shich  can  always  be  distinctly  traced  by  insensible  grada- 
of  structure  into  all  the  other  parts. 

aving  first  defined  the  general  nature  of  the  doctrine  of  Mor- 
gy,  or  that  doctrine  which  investigates  the  various  alterations 
m,  and  other  characters,  which  the  different  ])arts  of  pliuits 
:go  in  order  to  adapt  them  to  the  several  pur])oses  for  which 
ireire  designed,  we  shall  then  proceed  U)  prove  that  all  the 
nf  a  flower  are  homologous  with  leaves.  In  doing  so,  we  shall 
ine  the  several  organs  of  reproduction,  both  as  they  exist  in 
iral  condition,  and  in  an  abnormal  state,  commencing  with 
nact,  and  then  proceeding  in  a  regular  manner  with  the 
mt  whorls  of  the  fiower,  according  to  their  arrangement 
without  inwards. 

the  Jirtt  place,  it  is  evident  that  the  ffract  is  closely  allied 
leaf,  from  its  structure,  form,  colour,  and  from  the  ordinary 
>pment  of  one  or  more  buds  in  its  axil.  But  in  order  to  be 
tuy  convinced  of  this  analogy,  let  anyone  examine  the 
ove,  the  Lilac,  or  the  Pa)ony,  and  then  it  will  be  seen  that 
iges  of  transition  occur  between  leaveH  and  bracts,  so  that 
L  be  impossible  to  doubt  their  being  homologous  parts. 
lat  the  «ejMi/tf  are  httmologous  with  leaves  is  proved,  not  only 
eir  colour  and  other  characters,  but  also  by  the  fact,  tliat 

flowers  exhibit  in  a  natural  condition  a  gradual  transition 
len  s^Mils  and  bracts,  and  the  latter,  as  already  noticed,  are 
7  referable  to  the  leaf  as  the  ty}>e.  TIum,  in  the  Camellia 
vnsition  between  the  sepals  and  bracts  is  so  marked,  that  it 
lost  impossible  to  say  where  the  latter  end  and  the  former 
In  the  Marsh  Mallow  (.fr\/.  31)0)  and  Strawberry  {Jig^ 
Mgiun,  ihe  Ave  nepaJa  in  the  ifowers  of  the  two  reapectXNeVf 
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alternate  with  five  biiicta ;  niid  the  diffiuultf  of  distinguialiinj 
them  is  B<>  great,  tlmt  t».>u«  butaniatB  call  botli  set*  uf  orguu  lij 
the  naina  uf  Bepals.  in  many  Itowen  in  a  natural  conditko, 
tliiTufure,  there  is  a  striking  resemblaiice  belTGcn  lep^  ud 
IcOiveH ;  and  this  analugf  is  at  once  proved  to  demonatntiivi  If 
the  fact,  that  in  mbnstruus  Bawtna 
Fie.  773.  tlte  Rose,  Clover,  Prininwe  (/j,  iTS), 

and  uther  [ilanta,  the  sepals  are  b*> 
qiiently  converted  into  true  leaTO. 

We  now  pass  to  the  pttalf,  taili- 
tlioitgh  these  in  the  luAJuritjof  flowm 
are  of  a  different  colour  to  leansul 
■epais,  jot  in  tlitir  flattened  rhanrW 
and  general  Btructure  they  an  eMnti' 
ally  the  satue  ;  and  their  analcgj  to 
leaves  is  also  proved  in  nianj  wnnl 
tlDwers  by  the  gradual  tianaitiou  dl- 
liibit«d  betwMn  them  and  the  iqik 
'^witM^i,"-l^''6'™v.i'tBi'LwJ  ThiMisreinarkablythecaaein  the  While 
ti'uo Icnib  ITom Liiidi.'i'.  Water-lily  {Jig.  4i><);  also  in  tba 
Muijiuitia  and  Vaiifcauthtu,  whers  tke 
Uutvers  present  several  whorls  of  floral  envelopes,  (rhich  n 
resemble  each  other  in  their  j^noral  appearance  and  eulonr, 
that  it  is  next  to  inipiissible  tu  say  whei-u  the  sepals  end  ul 
the  petals  begin.  In  umny  other  instanccB,  also,  there  i*  sn 
other  way  of  distiugnishing  between  the  parts  of  the  calyx  ud. 
those  of  the  corolla  than  by  their  different  positions, — thecsljK 
being  tho  outer  seriis,  the  corolla  the  inner.  The  snsk^ 
between  petals  and  luaves  ix  still  further  shonTi  by  the  tact,  tWJ 
the  former  are  occasionally  green,  as  in  certain  species  of  (Urir 
iu  a  variety  of  H'iiihikiiIii^,  and  in  one  of  Campawila  rapim*- 
loideti  and  also  from  tliuir  being  occasionally  converted,  eitber 
entirely  or  partially,  into  leaves.  We  therefoi-e  conclude  tbst 
petals  like  sejiats  and  bracts  are  honioh>^ouB  with  leaves. 

The  sluiHcn  is,  of  all  organs,  the  one  which  haa  the  iesatn- 
seuiblance  tu  the  leaf.  In  describing  the  structure  of  the  stuMo 
wehavenhown  (page  24(1),  however,  that  the  different  putiof  1^0 
leaf  uiay  be  clearly  recognised  in  those  of  thextamen.  WaSsd, 
nioifover,  that  in  many  plants  the  ]jetalB  become  grsdnsUj 
transformed  into  stamens.  This  is  remarkably  the  case  in  tk 
White  Water-lily  (^3.  448) ;  thus  in  the  flowers  of  this  plw' 
the  inner  series  of  petals  gradually  become  narrower,  and  Ibt 
up]>er  extremity  of  eacli  petal  exhibits  at  first  two  little  snll- 
iiigs,  which,  in  those  placed  atill  more  internal,  become  tiw 
nnthens  containing  pollen.  Fiitux  the  fact  that  the  stamens  f 
thus  be  shoa-n  to  lie  uierely  modilied  petals,  while  the  IsU" 
have  been  already  proved  to  be  modified  leaves,  it  must  unw- 
sarily  follow  tliat  tlio  stamens  are  so  also.  If  we  now  refff  t» 
H'Jiat  takes  place  iu  uuaiy  cM^UioXod,  &tm«n,  -««  ^^«  oanduMTe 
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aioe  at  once  affurded  to  iis  of  the  leaf-like  nature  of  stamens. 
I,  in  what  ai-e  called  double  llowers,  the  number  of  petals  U 
apally  increased  by  the  conversion  of  Htumens  into  ]>etals  ; 

0  the  number  of  tlie  latter  increases  as  the  former  decreases. 
I,  if  a  double  Rose  be  examined,  all  sorts  of  transitions  may 
btenred  between  true  petals  and  stamens,  in  other  ciises, 
itamens  have  been  actually  transfonued  into  true  leavts. 
irasthestamenSf  therefore,  we  have  no  ditticulty  in  trachi^ 

1  in  the  normal  and  abnormal  conditions  of  the  parts  of  tlie 
er,  a  regular  and  gradual  transition  from  the  la-ilinury  leaves, 
ifonning  conclusive  evidence  of  tlieir  being  developed  upon 
mmon  tyjie  with  them. 

i  we  now  pass  to  the  carpel ,  we  find  tluit  transitional  states 
reen  the  stamen  and  carpel  tu'e  unknown  in  tlie  normal  con- 
muf  flowers,  the  ditference  in  the  functions  ]>ei*formed  by 
a  rtttpectively  being  so  oppc»Hite,  that  it  neces.saiil y  leads  to 
Mponding  differences  in  structure.  We  must,  thoreft^re, 
;  to  moiuttrosiiies  or  deviations  from  ordinary  structure  for 
ApliA  of  such  conditions.  Even  these  are  by  no  means  com- 
L  Such  may,  however,  be  occiisionally  f(  un.l  in  the  HoUite- 
:,  lome  Poppies,  and  in  other  plants.  In  a  pajjer,  publislieil 
lie  author  in  the  FlMnn^wt'ji.ti'al  Juurnnl  iipT  March,  1850, 
eiy  remarkable  instance  of  this  transition  from  stamens 
irpelfl  was  described  ;  it  occurred  in  the  l*ninnHir  brod'uit mn. 
this  case,  several  whorls  of  bodies,  intermediate  in  tlieir 
in  between  stamens  and  carpels,  were  found  between  tlie 
landrtecinm  and  gyn<ecium.  Tlie  outer  whorls  of  the  in- 
lediate  liodies  differed  from  the  ordimuy  stamens,  in  tlieir 
or,  in  being  of  a  more  fleshy  nature,  and  in  being  enhirged 
heir  upper  extremity  and  inner  surface  int<j  riulimeiitary 
nas;  in  other  respects  they  resembled  the  stamen.^,  and 
esaed  well-marked  anthers  containing  poUun.  The  whorl <i 
i  in  succession  gradually  lost  their  anthers,  l>ccame  moro 
y,  bore  evident  stigmas,  and  on  their  inner  sui-faces,  which 
I  slightly  concave,  tliey  Iiad  rudimeiitaiy  ovules.  ^>till 
)  internally,  the  int-ermediate  bodies,  whilst  reseiublin;^ 
\  juat  described  in  their  general  appearance,  became  more 
ive  on  their  inner  surface,  and  bore  numerous  perfect 
IB  :  and  within  these,  the  interuiediate  bodies  had  their 
mai^pns  folded  completely  inward;)  and  united,  and  tliu<( 
3d  x>^^t  carpels.  8uch  an  example  \\a  this  shows  in  a 
ug  manner  that  the  stamens  and  carpels  are  formed  upo«i 
imon  type,  and  hence,  that  the  latter  aro,  like  the  former, 
»logous  organs  with  leaves.  The  analogy  of  the  carpel  to  the 
I,  however,  constantly  shown  in  cultivated  flowers,  even  in 
re  striking  manner  than  the  stamen  is  thus  proved  to  be  a 
Ked  condition  of  that  organ.  Thus  in  many  double  flowers, 
jttercupa  and  Roses,  the  cari)els,  as  well  as  th<t  stamens, 
ae  tmuiormed  into  petals.     It  iahy  no  meana  rare,  t^S^) 
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tu  find  tlie  carpelti  tnuiBformed  into  true  leavei  in  cnltmM  J 
Koaes,  &c.  A  similar  condition  also  occurs  in  the  DoiAli  3 
Cherrj  {/g>.  681-583),  and  hw  been  alreadj  fully  deKiiW 
when  Bp«akinf{  of  the  carpel  1  in  whicliplBcewe  Iutb  alMibon 
the  anal(^  uf  the  carpel  with  the  leaf,  hy  tiaciug  ita  denkp- 
ment  from  a  little  concave  bodj  but  elightlj  differing  in  ^ipew- 
ancc  from  a  leaf,  up  to  ita  mature  condition  aa  a  cloaed  evntf, 
containing  one  or  more  ovules  (see  page  SCO).  We  hare,  tlui^ 
fore,  as  r^farda  the  carpel,  the  motit  concluuve  evidence  it  to 
being  formed  upon  a  common  type  with  the  leaf,  and  that  it  ii 
consequently  homol<^oua  with  it. 

The  carpel  being  thus  shown  to  be  homologous  with  the  M, 

it  must  necessarily  follow  that  tiie  fiittt'm 

Fiu.  774.  likewise  a  modilied  condition  of  the  M, 

since  it  is  funned  of  one  or  more  <wpdi 

in  a  matured  state. 

Further  proof  of  the  bomolc^us  uum 
of  the  parte  of  the  flower  to  the  Inf  is 
afforded  by  the  fact  that  the  floi«l  axis,  in- 
stead of  producing  flowers,  will  somctiiKa 
bear  whorls  of  true  leares.  In  other  ciM* 
the  axis  becomes  prulonged  beyond  tha 
flower,  as  in  certain  species  of  Epaent,  ml 
frequently  in  cultivated  Roaes  {Jig.  65V), 
or  beyond  the  fruit  (Jig.  77*),  and  becomeia 
true  branch  bearing  leaves.  To  this  elongt- 
tiun  of  the  axis  the  term  median  pmlifiiabilii 
is  usually  applied. 

Various  other  examples  might  be  *i- 
duced  of  the  transformation  of  the  ftinl 
organs  into  more  or  leas  perfect  lesceL 
Thus,  in  the  common  White  Clurer,  th 
jHirts  of  the  flower  are  not  unfrequeoll^ 
found  in  a  leaf-libo  state.  A  similar  condi- 
tion has  also  been  observed  in  moDBtnnii 
Strawberry  fiowera.  In  fact,  no  one  tsa 
walk  into  a  garden,  and  examine  cultivated 
flowers,  without  flnding  numerous  inatucH 
of  trauBitional  stat«s  occurring  between  tbe 

_. .._  ji(^   different  organs  of  the  flower,  all  of  wtek 

priiinntfi-ii  ti^Miid  the  necessarily go  toprove  theircommonoripn- 
i»i'.-""'  '"■■^'^  "'"'  When  a  sepal  becomes  a  petal.or  apitd 
a  stamen,  or  a  stamen  a  carpel,  the  chsngM 
which  take  place  are  said  to  be  owing  to  aacttidiiiy  or  di"'* 
meianivriiboaii.  But  when  a  carpel  becomes  a  stamen,  ta  • 
stamen  a  petal,  or  a  petal  a  sepal,  or  if  any  of  theM  mgu* 
beccme  tranefoimed  into  a  leaf,  this  is  called  ntrogradi '^ 
deitimiliitfi  metanuirpkosU. 

We  have  thus  pioveOi  \r3  tW  miA'b  «iikcSraui«  (acta,  that  lU 
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■puu  of  th«  flower  mre  fomied  upon  »  common  type  with 
mi,  and  diffBr  only  in  their  npecial  development,  ur,  id 
IVccds,  that  they  are  homologuua  parts.  Hence  a  tlower- 
ii  MialoRoiu  to  a  leaf-bud,  and  the  llimer  itself  to  a  branch 
inteniodeB  of  which  are  hut  slightly  develuped,  so  that 
ta  parts  are  situated  in  nearly  the  s&ine  pluie  ;  and,  as 
n-boda  are  thus  analoEous  to  leaf-buds,  their  ports  are  alKo 
Muily  subject  to  siiiiilar  laws  of  development  and  arrange- 
i,  aad  hence  a  knowledge  uf  the  latter  gives  the  clue  to  that 

Dta  ijmmetrical  arrangement  of  the  parts  of  the  flower 
ng  from  their  being  hnmnlogons  parts  with  the  leaves,  will 
Mtleacnbed,  together  with  the  various  cause*  which  inter- 
\n  fnrent  or  disguise  it. 


Section  8.    Syhubtby  of  the  Flower. 

ta  term  sjmmetry  has  been  variously  understood  by  different 
Bills.  As  properly  appUed,  a  synimctncnl  flun't-r  is  one  in 
JlMch  whorl  of  organs  has  an  ec^iial  nuiiiber  of  parts  ;  ur 
n  the  parts  of  one  whorl  are  multiples  of  those  uf  another. 
•,  in  tome  species  of  ijratvila  (Ji<j.  77o),  wa  have  a  aym- 
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ttl  fiower  composed  of  five  sepals,  five  petals,  five  atamens, 
▼e  carpels ;  in  Ikdum  (Jig.  77U)  wa  have  five  sepals,  five 
,  t«n  stamens  in  two  rows,  and  five  carpels  ;  in  the  Flax 
V9  five  sepals,  live  petAla,  live  stamens,  and  live  carpels, 
>f  which  ia  partially  divided  into  two  by  a  spurious  dis- 
ent  {fy.  613)  ;  in  the  Circaa  {jig.  7T7)  we  have  two  organ* 
h  whorl ;  in  the  Rue  (figa.  673  and  60ti)  we  have  four  or 
ipala,  four  or  five  petals,  eight  or  ten  stsinens,  and  a  four 
t-lobed  pistil ;  and  in  the  Iris  there  are  three  oigans  in 
rbmi    AH  the  Mbore  are  Iharefore  njmmttri  at  floveth 
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I  .' i  i  ^    i>   ii.iii*  au  »i     i>\    .i   »ir».'iK    imiiifiai    [mci:.\l*u    i«.»   ii, 

;/','..  si"_;iii^\  iir.',  a  }';ilt.       'I'liiis  \\l.«.-ii  tlivlr  aiv  iwn  pait 

wii<»rls,  a.s   in  f'ii-\i<i   (/■■;/.  777j;  tlie  il'iw 

//tt.io*/.N,  and  tJie  syiriinetiy  ib  said  to  tt 

ovimt-hn'inli'ittl.    Tliis  luay  l>e  cuiisidert 

as  answering  to  the  dift'u'hotiji  or  tico-ro 

raii;j;eineut  of  leaves  (nee  page  145);  eac 

foniiiiig  a   cycle  coiii{X>sod  uf  two  orga 

inteniodcB  l>et^'uen  them  nut  being  dev> 

or  to  Buccehsive  piii-s  of  opix^sito  leave* 

Bating  'with   each  other.     Tliis  anaiige 

/»/.  777.  DLHLTiini  v)f  thus  luurked  v^.     When  there  ai-e  thn 
thctitmvrof  a,twf.  i,^  ^  ^.jj,,,.]^  ,^   i„  tj^^  j^^„iu  ( ^.,^   27),  I 

Lily,  tlio  Holier  is  tnawrouii,  and  the  »j 
is  hrnaru,  tr'njoiud,  or  triumjvlar  ;  it  is  iudicited  thus,  % 
may  be  regarded,  eitlier  as  answering  to  the  tristichousi 
ment  of  leaves  (page  14<>),  each  w  liorl  forming  a  cycle  < 
oi'gans,  the  interuodes  iKitween  them  not  being  develupec 
successive  wliorls  of  three  organs  in  each.  When  there  i 
parts  in  a  whorl,  as  frequently  in  Rue  (fig.  57^),  the  flo¥ 
(romtfousj  and  the  symmetry,  which  is  marked  s/j  ia  qm 
or  Utrwjoiutl ;  the  successive  whorls  in  such  a  liower 
compareil  directly  ^ith  whorls  of  le«ives  each  consisting 
organs  ;  or  indirectly  with  opposite  decussating  leaves  oc 
in  paiix,  the  inieniodcs  not  being  doveh)ped.  Whou  there 
l>}irts  in  a  whorl,  as  in  (.-msisiUa  i-\ihat»  {Juj.  775),  the  ll 
SJiid  to  be  iK'ntaineroiiSf  and  the  symmetry,  which  ismarki 
v^,  quinary  or  peiUmjutmL     SSuch  a  flower  may  bo  cousii 
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bioiilan,  while  the  parts  of  the  gyna»cium  are  unequal 

la  in  Stafhylea  pinruita  (Jig,  778),  where  the  three 

b  axe  pentamerous,  while  the  piHtil  is  dimerous.   The 

of  all  the  organs  of  the  tiower 

di  leas  frequently  corresponds  in  ' '^'  ' '  ^' 

'  ni  its  parts  to  the  other  whorls. 

)  writers,  again,  a  flower  is  said 

■atrical,  when  it  can  be  divided 

tmilar  halves,  as  in  Crucifera*, 

)  are  four  sepals,  four  petals,  six 

d  two  carpels  (figv.  24  and  25), 

lole  so  arranged  that  the  flower 

arated  into  two  equal  parts. 

other  terms  are  used  in  describ-  ^!h llt.^^^!S^^j[ 
,  .  ,        ..11       1      .      It     1    1    .        tiie  flower  or  i!J/«j»Ajfl«i 

,  which  Will  be  best  alluded  to  pinwua, 
o^  some  have  been  previously 
'hue  a  flower  is  said  to  be  compktej  when  the  four 
yx,  corolla,  andrwcium  and  gyncjecium — are  present, 
ue  (Jig.  600)  ;  where  one  or  mure  of  the  whorls  is  ab- 
wer  is  hhcumpltte  (figs,  28  and  29).  When  the  parts  of 
are  uniform  in  size  and  sha|)e,  as  in  the  Rue  (figs, 
J),  the  flower  is  regular  ;  under  other  circumstances 
lar,  as  in  the  Pea  (fijs,  447  and  472).  In  a  normal 
it  of  the  parts  of  the  flower,  the  successive  whorla 
ith  each  other  as  shown  in  figs,  *J'ih  and  777  ;  thus 
spalfl  alternate  with  the  petals,  the  petals  with  the 
A  the  stamens  with  the  carpels, 
^ly  normal  and  typical  flower  should  poAsesH  a  calyx, 
btBcium,  and  gynwcium,  each  of  which  should  be 
that  its  parts  form  but  a  single  whorl  ;  the  difl'erent 
lid  consist  of  an  equal  number  of  members ;  the  parts 
re  whorls  should  alternate  with  one  another  ;  and 
of  each  should  be  uniform  in  size  and  sha|)e,  and 
n  each  other  and  from  the  surrounding  whorls.  Tliis 
typical  flower  is,  however,  liable  to  various  altera- 
g  from  several  disturbing  causes,  which  modify  and 
B  or  more  of  their  tyi)ical  characters.  Some  of 
I  have  been  already  alluded  to  in  the  description  of 
it  organs  of  the  flower,  but  it  will  be  necessary  for 
rtigate  them  more  fully  here,  and  classify  for  syste- 
'.  All  the  more  important  deviations  of  the  flower 
inal  character  may  be  arranged  under  the  following 

t  adhesion  or  union  of  the  parts  of  the  same  whorl ; 
difl'erent  whorls. 

e  addition  of  one  or  more  entii*e  whorls  in  one  or 
floral  circles  ;  or  increase  in  the  number  of  parts  of 
ich.is  due  to  the  multiplication  by  division  of  any  or 
gjwur  of  a  whorL 
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3rd.  The  8\ippres8ion  or  abortion  of  one  or  more  whorii ;  ot 
of  one  or  more  organs  of  a  whorl. 

4th.  Irregularity  produced  by  unequal  growth,  or  iraeqial 
degree  of  union  of  the  members  of  the  same  whorl ;  or  by  aln 
normal  development  of  the  thalamus  or  axis  of  the  flower. 

That  part  of  Botany  which  has  for  its  object  the  inyeitintiaB 
of  the  various  deviations  from  normal  structure,  bcyth  m  tbe 
flower  and  other  parts  of  the  plant,  is  called  Teratology, 

1.  The  chai(G£8  due  to  union  or  adhesion  of  parts. -Ws 
arrange  these  in  two  divisions  :  one  of  which  is  charscteriied 
by  the  more  or  less  complete  union  of  the  members  of  the  samt 
whorl ;  and  the  other  by  the  adhesion  of  the  different  whoik ; 
the  first  is  frequently  termed  coalescence  oTcohetion,  and  the  latter 
adnation  or  acVie^iion. 

a.  Coalescence  or  Cohesion. — This  is  of  very  common  occur- 
rence in  the  members  of  the  different  whorla  of  the  floirer. 
Thus  it  occurs  in  the  calyx,  when  it  becomes  moHonpaUmt 
or  gamosepalous;  in  the  corolla,  when  it  is  monapetaUrtu  oTifamo- 
•peialmts  ;  in  the  filaments,  when  it  gives  rise  to  moniadtlpk/ms^ 
diadelplioiiSy  and  polyadelphmis  stamens ;  in  the  anthers,  wh«n 
they  are  sytujenesions  or  synanthermis ;  and  in  the  pistil,  when 
the  carpels  are  syncay-jxm^. 

b.  Adfuition  or  Adhesion  of  the  different  whorls  is  also  by  no 
means  uncommon.  Thus  the  calyx  may  be  united  to  the  coitiila, 
or  to  the  andrcKfcium,  or  to  both  ;  or  all  these  whorls  may  be 
united  with  the  ovary.  These  different  adhesions  have  been 
already  explained,  under  the  terms  />€n</ywm«,  epigyiumt  (pige 
246),  as  regards  the  stamens  ;  and  8Hf)ei'ior  (page  220)  as  applied 
to  the  calyx.  Again,  the  stamens  may  be  united  to  the 
corolla,  when  they  are  said  to  be  epipctalous  (page  240)  ;  or  to 
the  pistil,  when  the  term  gynmidroiis  is  used  (page  247).  All 
the  changes  due  to  union  or  adhesion  of  parts  have  been  fnUy 
described  in  treating  of  the  diflerent  whorls  of  the  flower. 

2.  Addition  or  Multiplication  of  Parts. — This  may  be  ilw 
considered  under  two  heads  : — 1st.  The  addition  of  one  or  mow 
entire  whorls  in  one  or  more  of  the  floral  circles  ;  and  2ndly, 
the  increjise  in  the  number  of  the  parts  of  the  whorl,  which  isdae 
to  the  multiplication  by  division  of  any  or  all  of  the  organs  of  a 
whorl.  The  former  is  commonly  termed  angmerUation ;  the  latter 
chorihis,  dcduplicafion ,  or  nnlining, 

a.  Augmentation. — The  increase  in  the  number  of  whorls  n*/ 
occur  in  one  or  more  of  the  floral  circles.  Thus  the  Barberry 
( Hg.  77^)  has  two  whcirls  of  sepals,  two  of  petals,  and  two  d 
stamens  ;  in  this  flower,  therefore,  we  have  an  addition  of  one 
whi^rl  of  organs  to  each  of  the  three  external  floral  circles.  In 
the  Pt»ppy,  we  have  a  number  of  additional  whorls  of  atameni 
{fig.  781).  In  the  Magnolia  family  generally,  the  increase  » 
chiefly  remarkable  in  the  carpels  (^.  599,  c,  c).  In  Nymfhi» 
{fig.  780),  the  petals  and  BtamftTXftai^\Sf«s.VV5\i«sw»a^YDiwm 
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miaj  of  tiie  lUDuncuUceK,  u  CUmalti  (fy.  782),  the  atnmens 
d«irpeli  m  very  numeroiu,  owing  to  fuldition  of  wliorh.  Ab 
lia,  ths  increaMi  iu  the  niimlwr  of  whorU  is  must  comiuiin 
■^  the  itkmeiia.  Whan  the  increase  is  not  exaessive,  the 
aMr  of  the  organs  no  increoocil  is  a  miiltijilu  of  the  noruiftl 
nber  of  parts  in  each  trhorl ;  thiu  in  the  BiirUitTf  {Juf.  779) 
I  UKinal  number  it  three,  and  tliat  of  the  aeimU,  jietais,  and 
Btu,  six,  BO  that  in  «ach  of  these  whrirlswc  have  double  the 
tfnal  number.  When  the  addition  of  parts  extends  to  beyond 
iMor  four  whorls,  this  correxpondetice  in  ninnlwr  is  liable  to 
■b  Tirifttion  ;  and  wheii  the  addition  i»  very  threat,  as  in  the 


&#i 


ni.Tn.  Diigrsm  of  tlu-  Bov/n  al  ttv  liirlerrj-  i 
niRnm  of  floww  ot  Kyajili-m. Fl-/.  7tl.  Wlagr 

msnt  of  species  of  Clrmalis  (fig.  782),  nud  the  caqiels  of 
ritdautiiin  (Jig.  SOfI,  c,  c),  it  cannot  be  wdl  dutennhied,  and 
S^mmeiiy  is  then  disguised  or  dcstrciyod  ;  wLidi  is  also  the 
ntf  the  whorls  ue  crowded  together. 


b,  Choritit  or  DeAupVi£atum. — This  is  generally  looked  upon 
imtanists  as  another  means  of  multiplication  of  the  partt  of  a 
ns.  It  consists  in  the  division  or  splitting  of  an  orf^aii  in  the 
IM  of  its  development,  by  which  two  or  more  organs  are 
dnoed  in  the  place  of  one.  Chorisia  differs  from  aiiginenta- 
1  in  the  fact,  that  it  not  only  increases  the  number  of  parts, 
;  kbo  interferes  with  their  regular  alternation  ;  for  augmenta- 
n  doM  not  necessarily  interfere  with  alternation,  it  only  ob- 
ns  it  when  the  number  of  additional  parta  is 
an  tlM  wborla  itjv  crowded  tt^ther. 
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Chorisis  may  take  place  in  two  ways,  either  transrendy, 
when  the  increased  parts  are  placed  one  before  the  other,  whidi 
is  called  rerticaly  parallel,  or  tranartrse.  clioruis ;  or  collatenlly, 
when  the  increased  parts  stand  side  by  side,  which  is  termed 
collateral  chori^s.  Transverse  chorisis  is  supposed  to  be  of  ft«- 
quent  occurrence  ;  thus  the  petals  of  Lychnis  {Jig.  496,  a)  nA 
many  other  Oaryophyllaceous  plants,  exhibit  a  little  scale  ob 
their  inner  surface  at  the  point  where  the  limb  of  the  petal  k 
united  to  the  claw.  A  somewhat  similar  scale,  although  leu 
developed,  occurs  at  the  base  of  the  petals  of  some  spedei  d 
E^invncvius  {Jig.  493).  The  formation  of  these  scales  is  suppoaed 
by  many  to  be  due  to  the  chorisis  or  unlining  of  an  inner  nv^ 
tion  of  the  petal  from  the  outer.  Other  botanists  consider  toeae 
appenda^B  as  abortive  stamens,  or  glands  (see  page  232).  Eadi 
petal  of  Famassia  {J\{j.  495)  has  at  its  base  a  pet^-like  append- 
age divided  into  a  number  of  parts,  somewhat  resembling  ateiile 
stamens ;  this  is  also  stated  to  be  produced  by  transverse  choriaii. 

In  plants  of  the  natural  orders  Khamnacefe  {Jig,  783),  Byti- 
neriaceff',  and  others,  the  stamens  are  placed  opposite  to  the 
petals,  hence  they  are  supposed  by  many  botanists  to  be  produced 
by  chorisis  from  the  corolla  ;  but  others  explain  this  oppoaitios 
of  j)arts  by  supposing  the  suppression  of  an  intermediate  whori 
(see  page  352).  Transverse  chorisLs  is  also  frequently  to  be 
found  in  the  andro?cium,  but  it  is  less  frequent  in  the  gynoecium. 
Examples  of  transverse  chorisis  in  the  gyncecium  are  furmahed, 
however,  by  Crasffula  {Jig.  776),  where  each  carpel  has  at  its  baie 
on  tlie  outside  a  little  greenish  scale,  a,  a,  which  is  supposed 
by  some  to  be  due  to  it. 

It  ^-ill  be  observed,  that  in  the  above  cases  of  tranavertt 
chorisis,  the  parts  which  are  produced  do  not  resemble  thoie 
from  which  they  arise,  and  this  appears  to  be  a  universal  law  in 
this  form  of  cliorisis. 

Collateral  (Jliorisis. — We  have  a  good  example  of  this  form  in 
the  Stock,  Wallflower,  and  other  plants  of  the  natural  order 
Cruciferre.  In  these  flowers,  the  two  floral  envelopes  are  each 
composed  of  four  organs  alternating  with  one  another  {Jig.  7B4). 
Within  thcHtj  we  find  six  stamens,  instead  of  four,  as  should  be 
the  case  in  a  symmetrical  flower  ;  of  these  two  are  pliced  oppo- 
site to  the  lateral  sepals  and  alternate  \vit!i  the  adjacent  petals, 
while  the  other  four  are  placed  in  pairs  opposite  the  anterior 
and  posterior  se])Rls  ;  we  have,  here,  therefore,  four  stanieni 
instead  of  two,  which  results  from  the  collateral  chorisis  of  those 
two.  In  some  Cruciferae,  as  StreptantJnts  {Jig.  785),  we  have  » 
strong  confirniatiim  of  this  view  presented  to  us  in  the  fact  that, 
in  place  of  the  two  stamens,  as  commonly  observed,  we  have  a 
single  tilament  forked  at  the  top,  and  each  division  bearing  an 
anther,  which  would  seem  to  arise  from  the  process  of  chorini 
being  arrested  in  its  progress.  The  flowers  of  the  Fumitory  are 
tdao  generally  considered  to  affot^  bxioV^^t  ^t»x!u\^^  q\  ^jc^9;3^to!nl 
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e  we  hBT6  two  (ep»li  (,%,  786),  four  petal*  i 
o  of  which  ore  perfuct,  »iid  fo'i 


!  ■  (orkfl  numm  In  iilmv  iif  Un  twa  ii;il.™ir  M 
—Fill.  7H.  Dlnpniuuf  tWBnwcriirFumlbiry. 


■morlen  imperfect  ;  the  l:itter  are  kuA  to  nri*e  from  collate- 
fll  dwrUii,  one  Btiinen  here  behig  divided  into  three  pirts, 
OllMr  eikiuplui  of  this  foni)  are  by  biiiiiq  con.tiil-jred  t4i  Iw  af- 
foiW  by  the  flowenof  lafmy  ipeci-Mtoi  Ihjfi-rifHm  (tf;/.  543,/,  f); 
iil»hich  each  bnndlu  nf  stamnna  is  S'lppiised  ti)  iirile  from  tho 
"jaated  chfirisia  of  a  singk-  itAmeii. 

CulUteral  chnrisis  may  be  cnn^ideretl  as  analogoua  to  a  com- 
*iDid  leaf  which  is  compnaeil  of  two  or  luore  distinct  and  siiiiilar 
■Wti.  TrwiHTerae  choriiig  ia  Biipposed  bv  Gray  aiwl  simie  otiier 
Wwiirt*  to  have  ita  ftnalr>sHe  in  tlie  lign'le  r.t  IJrassttR  (/■;.  ;W!t, 
ffj.  u  that  appendage  ocuiiplei  the  Banio  position  K^  regards 
^e  leaf  BB  the  Bcalen  of  Li/ehitis  (fij.  49(i,  a)  and  other  plants  do 
'  the  petals  (see  page  232). 

_  Liodley  held  that  the  whole  theory  iit  clioriiin  'is  de- 
tote  of  real  foundation,  for  the  following  roaaons  : — 

'1.  There  is  nu  instance  of  unlining  which  may  not  heas  wdl 
plained  by  the  theory  of  alternatinn. 

'S.  Itia  highly  itnprobnble  and  inconfiixCent  with  the  simpli- 
ty  of  vegetable  Btritctnre,  that  in  the  xanic  flower  the  niultipli- 
tinn  of  organs  Bhould  arine  from  two  wholly  different  cau^tes  ; 
I.,  alternation  at  one  time  and  unlining  at  another. 


'3.  As  it  is  known  that 
tonation  usually  obtains, 
iposite  each  other,  it  is  iiec 
ling  theory  to  asBume  that  in  s«ch     _ 

EHt  be  alternate  and  a  part  nnlined,  or  at  one  time  be  all  at- 
mate  and  at  another  time  be  all  unlined,  which  is  entirely 
pnaed  to  probability  and  sound  philosophy. 

'4.   The  examiiuttion  of  the  gradaul  dev6l(>pTnent  oi  fio"BBrft, 


■here  the  law  of 
oocationally  pl.-wed 
iippiirtors  of  thu  iin- 
a  part  of  the  org;tna 
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the  only  irrefragable  proof  of  the  real  nature  of  final  atnicUiw,- 
does  not  in  any  degree  show  that  the  suppoied  prooeM  of  nnlnh 
ing  has  a  real  existence.' 

According  to  Lind ley's  view,  therefore,  wheneyer  the  oran 
of  adjacent  whorls  are  opposite  to  each  other  instead  of  aw 
nate,  this  is  supposed  to  arise  from  the  suppression  of  a  wfaioil 
which  should  be  normally  situated  between  the  two  that  m 
present. 

3.  Suppression  or  Abortion. — The  suppression  or  aboitka 
of  parts  may  either  refer  to  entire  whorls  ;  or  to  one  or  mon 
organs  of  a  whorl.  We  shall  treat  this  subject  briefly  nnda 
the^e  two  heads. 

a.  S^ippre-ision  or  Ahortum  of  one  or  more  fVhorh. — We  hxn 
already  stated  that  a  complete  flower  is  one  which  contaiBi 
cjdyx,  corolla,  androecium,  and  gynoecium.  When  a  whoria 
HU]) pressed,  therefore,  the  flower  nece^aarily  becomes  inoon- 
plete.  This  suppression  may  either  take  place  in  the  floral  eiiN- 
Inpes  ;  or  in  the  esaeiUial  orgaTu. 

Sometimes  one  whorl  of  the  floral  envelopes  is  suppressed,  ai 
in  Chenopodinm  (fig.  28),  in  which  case  the  flower  is  apttalim 
or  monocJilamyiieoiut ;  sometimes  both  whorls  are  suppreaMd, 
as  in  the  common  Ash  (fig.  2(>),  when  the  flower  is  fuiked  or 
achlamydeuv^. 

When  a  whorl  of  the  essential  organs  is  suppressed,  th« 
flower  is  {mp^rfecf^  as  it  then  by  itself  cannot  form  seed.  The 
andmecium  or  gyntecium  may  be  thus  suppressed,  in  eitlierol 
which  cases  the  flower  is  uniaextial ;  or  both  andrcecium  and 
gyna;cium  may  be  suppressed,  as  in  certain  florets  of  some  of  the 
Compositfe,  &c. ,  when  the  flower  is  tiei*^r.  When  the  stameoi 
are  abortive,  the  flower  is  termed  pistUlate  (fig.  411) ;  or  when 
the  pistil  is  absent,  staminate  (figs.  410  and  498).  The  ienas 
m4yn/ie.cU)yi8^  dlfzcioitti,  and  polygamous,  which  have  reference  to  thiv 
point,  have  been  already  sufficiently  explained  (see  page  233). 

Some  botanists,  as  already  noticed  (page  350),  consider  that 
when  the  organs  of  adjacent  whorls  arc  opposite  to  each  other 
instead  of  alternate,  such  an  arrangement  of  parts  arises  iiom 
the  suppression  of  an  intermediate  whorl ;  but  this  view  ie 
manifestly  insufficient  to  accoimt  for  such  a  circumstance  in  ail 
cases.  Thus  in  the  Rhamnacese  (fig.  783),  the  stamens  are 
opposite  to  the  petals,  and  frequently  united  t()  them  at  the  base, 
and  we  cannot  but  regard  them  as  produced  by  transverse  choriii» 
from  the  petals.  In  some  cases,  therefore,  we  regard  the  oppo- 
sition of  the  parts  of  contiguous  whorls  to  be  due  to  suppresaion, 
and  in  others  to  chorisis. 

b.  IMi/pprtssion  of  mte  or  more  Organs  of  a  Whorl, — This  is  » 
very  common  cause  of  deviation  from  normal  structure  ;  we  can 
here  only  bring  forward  a  few  examples. 

This  suppression  of  parts  is  most  frequent  in  the  g]riUBciuiii. 
Thus  in  the  Cruciferce  (fi^,  n^"))  ^^  ^^^  ^^^  Aepala,  four 
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l^lSy  six  stamens,  and  two  carpels  ;  here  two  carpels  are  sup- 
WHed.  In  the  Heartsease  (fig.  787),  we  have  a  pentamen)U8 
9wer,  so  far  as  the  calyx,  corolla,  and  andrrjecium  are  cou- 
ned,  but  only  three  carpels,  two  carpels  being  here  suppressed : 
imsDy  Legnminous  plants  (fig,  788).  we  have  iive  sepals,  iive 
SIsIb,  ten  stamens,  and  only  one  carpel,  four  of  the  latter  being 
an  i^rtive  ;  in  plants  of  the  or^er  Compositie  the  calyx,  co- 
oUa,  and  andrrecium,  have  each  five  organs,  but  only  one,  or, 
0ooiding  to  other  botanists,  two  caq>els. 


Fig.  787. 


Fic.  788. 


Vui.  7A'J. 


Fi§.  787.  Dl«in«ni  of  the  flower  of  th*-  Heart w^ve. Fig.  7«m.  Diug-rani 

of  ft  Lvflrnminoua  flower. Fig.  78!).  Diagram  of  the  dDwer  of  Imp'tU'Ht 

In  lome  species  of  ImjMtiens  (fig.  789)  we  have  five  caq>el!4, 
lv«  stamens,  and  five  petals,  but  only  three  sepals  ;  here  two 
•pik  are  suppressed :  in  Tropienliim  pi'ntajthglhim  (fig.  700), 
bnsre  five  sepals,  and  but  two  petals  ;  three  of  the  hitter 


Fiii.  700. 


¥ui,  7J»1. 


^^  o 


^J         ^^ 


Fiff.  790.  Dlasrani  of  tlie  flower  of  Tit>}ufuhim  p^ntnphfl. 

itM. Fig.  7yi.  Dia^fTHm  «>f  flowjTM  «»f  Kuphorbia- 

c<>miR  planU  l)ocoiniii^'  more  anil  inon?  (>iiiiple.    After 
JuMien. 

1.  Stumlnate  flownr  of  Tragiii  cnnnnhtna. 

2.  „  „  Tnigiti  r<>!uhitU. 
^*          r>              „           A  nfhonfentn  tt^fijatrns''. 
4<          ..                          At1enn}tfUitcolliguapa. 


fi. 


II 


A'uphorbiii, 


T8WB  being  here  abortive.  In  the  Labiata^  and  Scrophulariaceie 
ie  of  the  stamens  is  commonly  suppressed,  and  sometimes 
*ee;  thus  in  the  Lamium  we  have  five  parts  to  the  calyx 
fcd  OQrol]%  bu*  onJjr  four  sUmem  ;  and  in  the  »Saltia  wo  \vw© 

A  A 
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also  five  parts  to  the  calyx  and  corolla,  but  only  two  pofeil 
stamens. 

The  abortion  of  whorls  and  parts  of  a  whorl  is  well  illiiftntil 
by  plants  of  the  Euphorbiaceae,  and  the  aboye  diagram  fnm 
JuBsieu  will  show  this  fact  in  a  remarkable  manner  (^9.  711^ 
Thus,  in  No.  1  we  have  a  flower  consisting  of  but  two  whorii| 
the  petals  and  car])els  beine  suppressed  ;  in  No.  2,  while  tin 
same  whorls  are  present,  one  of  the  stamens  is  absent ;  in  Na 
3  two  stamens  are  abortive  ;  in  No.  4  the  calyx  is  suppreiied, 
and  one  stamen,  the  place  of  the  calyx  beinff  occupied  by  thm 
bracts  ;  while  in  No.  5  the  place  of  the  cidyx  is  occupied  bf 
two  bracts,  and  there  is  only  one  stamen  present ;  this  of  itdf 
constitutes  the  flower,  which  is  thus  reduced  to  its  simplat 
condition. 

Besides  the  above  examples  of  the  suppression  of  parts,  then 
is  another  kind  of  suppression,  to  which  the  term  abortion  men 
properly  applies.  This  consists  in  the  degeii\eratUytt  or  irawfof- 
matioyv  of  the  parts  of  a  flower.  Thus  in  Scroj^vlcina  the  fifth 
stamen  is  reduced  to  a  scale  ;  in  the  Umbellif  erw  the  limb  of 
the  calyx  is  commonly  abortive,  while  in  the  Composits  it  ii 
either  abortive  (Jig.  460),  or  membranous  (fig  461),  or  le- 
duce<l  to  a  pappose  form.  Many  of  the  so-called  nectaries  d 
flowers  are  merely  transformed  stamens.  In  unisexual  flowa», 
such  as  Tamiu,  the  stamens  are  frequently  present  as  littk 
scales.  In  cultivated  aemi-donhh  flow^ers,  such  tranaformatioiu 
are  very  common ;  thus  we  frequently  find  the  stamens  and  mt 
])els  partially  transfonned  into  petals  ;  or  when  the  flowen  an 
entirely  double,  all  the  parts  of  the  andrwcium  and  gynoednn 
are  thus  converted  into  petals. 

4.  Ikkeoularity. — This  may  be  produced  by  three  difiereni 
causes— namely,  unequal  growth  of  the  members  of  a  whoil 
unequal  degi'ee  of  union  ;  and  abnormal  development  of  th< 
thalamus  or  axis  of  the  flower.  The  first  two  causes  csnna 
well  be  separated,  and  will  be,  therefore,  treated  of  under  om 
head. 

a.  Uneqmil  (rroidkaiid  Unequal  Degree  of  Union  of  the  Mtm 
hers  of  a  Whorl  render  such  whorls  irregular,  and  produce  wha 
are  called  irregular  flowers.  These  irregular  forms  have  bee 
already  treated  of  in  describing  the  different  floral  organs.  A! 
the  examples  of  irregular  forms  of  calyx  and  corolla,  therefon 
which  have  been  alluded  to  iinder  their  respective  heads,  wi 
aflord  good  illustrations.  The  stamens  of  plants  belonging  1 
the  sub-order  Papilionaceie  of  the  Legumino.su9  will  afford  wum 
rouH  examples  of  unequal  union  in  the  staminal  whorl ;  an 
other  illustrations  will  be  found  under  the  heads  of  the  andro 
cium  and  gyiKucium. 

b.  Abiutrnml  DevthptnetU  oftJie  ThalamusorAxisoftheFloice 
— The  irregular  forms  of  flowers  due  to  this  cause  have  beeaal 
alluded  to  when  descTib\iv^  t\w«  tV^a^&Towft.    TViua  the  flowen 
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of  Ndumbium  (fig,  640),  Liriodeiuiron  (fig,  599), 
f  (fig.  600),  Raspberry  (Juj.  601),  Jianvnadns    (fia, 
(Jig,  A4ff)jIHanih%u{fig.  597),  Gynandrtppsu  (fig.  051), 
(fig,  635),  will  fumiah  examples  of  tliis  form  of 
irity.* 


CHAPTER  5. 


DUCnVE  ORGANS  OP  CRYPTOOAMOUS,    FIX>WERLESS,    OR 
ACOTYLEDONOU8    PLANTS. 

itritive  organs  of  CryptogamouR  plants  have  been  already 
illuded  to  in  the  chapter  on  the  General  Morphology 
Plant,  and  in  our  descriptions  of  the  stem,  root,  leaf,  and 
srts.  It  only  remains  for  us  to  describe  the  re])roduc- 
gans  of  the  same  class  of  plants,  which  we  shall  do  as 

our  space  iivill  allow. 

repiroductiTe  organs  of  the  Cryptogamia  diflfer  widely 
lose  of  the  Phanerogamia ;  for,  in  the  iirst  ]>lacc,  they 
» flowers  properly  so  called — that  is  to  say,  they  Iiave  no 
clivBOium  or  gyniecium,  the  presence  of  which  is  essential 
notion  of  a  flower ;  and  hence  such  plants  are  termed 
es*.     But  although  these  plants  have  no  true  stamens  or 

they  have  organs  which  perform  analogous  purposes, 

which  the  names  of  Antheridia,  and  Pistillidia  or 
mia,  and  others,  have  been  applied.  These  organs  being 
r  less  concealed  or  obscure,  tiowerloss  plants  have  been 
led  Cryptogamous,  which  signifies,  literally,  concealed 
The  term  asex^tal,  which  was  formerly  ap])lied,  has  now 
oved  to  be  incorrect. 

ndly,  as  Cryptogamous  plants  have  no  flowers,  they  do 
Ince  true  seeds  or  parts  containing  a  rudimentary  plant 
yo  ;  but  instead  of  seeds,  they  form  reproductive  bodies 
joreSf  which  in  most  cases  consist  of  one  cell  (rarely  more), 
)d  of  two  or  more  membranes,  enclosing  a  granular  matter. 
having  no  embryo  can  have  no  cotyledonary  body,  wliich 
lential  part  of  the  embryo,  consequently  flowerless  plants 
en  aIho  cftllpd   ArMulfAtmoiis.     In  orenninatiim  airain.  as 
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tions  are  afforded  to  this  latter  peculiarity  by  certain  ipom 
which  have  on  their  outer  membrane  certain  spots  or  poni^ 
through  which,  in  germination,  little  threads  are  pibtradea&w 
an  extension  of  their  inner  membrane.  This  is  exactly  unl^ 
gnus  to  the  production  of  the  tubes  from  polleu-cells ;  indeed 
in  their  general  structure,  s|>ores  (especially  those  of  the  ffxn^ 
which  exhibit  the  above  growth)  have  a  striking  simiUritjii 
polien-cclls.  It  sho\ild  be  noticed,  however,  that  spores,  althoq^ 
sosinular  in  structure  to  pollen,  perform  essentially  different fm 
tions.  The  threads  which  are  thus  produced  by  the  genninitifli 
of  spores  may  either  reproduce  the  plant  directly,  or  giveriieto 
an  intermediate  body  of  varying  form,  called  tlie  prathaUim, 
prothallnsy  or  pro-emit njo  (Juj.  7%),  fi'om  which  the  fructifenw 
or  fruit -bearing  frond  or  steui  ultimately  springs. 

Although  Cr3q)togamous  plants  are  thus  described  as  desti- 
tute of  an  embryo,  yet  it  must  be  admitted  that  the  sporeiof 
some  of  tliese  plants  do  contain  an  analogous  body  to  it,— tint 
is  to  say,  a  body  wliich  has  all  the  elements  of  the  futon 
plant  in  a  rudimentary  state.  Such  si>ores  are,  however,  of  but 
rare  occuixence,  and  the  rudimentary  plant  which  they  contiui 
is  of  su  different  a  nature  from  the  true  embryo  of  Phanerogir 
mouB  plants,  that  such  exceptional  cases  can  scarcely  be  itid  to 
interfere  materially  with  the  cliaracter  given  above. 

Such  are  the  cliicf  distinctive  characters  of  the  reprodoctiye 
organs  of  Cnj})togamoiut  plants.  The  nature  of  these  orgua  in 
the  different  orders  of  ilowerless  plants  is,  however,  so  renix^* 
able,  that,  in  order  to  become  ac(iuainted  with  them,  it  vill  be 
necessary  for  us  to  describes  the  peculiarities  of  each  sepantelv. 

The  Cryptogamous  plants  have  been  arranged,  as  alreidy 
noticed  (see  page  9),  in  two  great  divisions,  called  respectivdy 
Conuophytes  and  Thallophytes.  Tlie  general  characters  of  these 
will  be  described  hereafter,  when  treating  of  Systematic  Botsnr; 
but  it  will  be  better  for  us  io  keep  these  two  groups  in  view  in 
our  sketch  of  the  reproductive  organs  of  flowerless  plants,  and 
hence  we  shall  ti*eat  of  them  under  these  two  heads. 


Section  1.     Reproductive  Groans  of  Cormophttk. 

CoRMOPHYTEs,  or,  as  they  are  also  termed,  Acrogens,  h»ve 
bc^n  divided  inti>  several  sub-divisions,  wliich  are  commonly 
called  Natural  Orders  or  Families  :  these  are  the  Filires^  Equm- 
facex,  Marsile.a4X.x  Lyatpodktce^^  Miiscl,  and  the  Hepaticacex. 
These  orders  are  differently  arranged  and  defined  by  botanists ; 
but  as  our  object  is  only  to  give  a  general  sketch  of  their  re- 
productive organs,  we  have  adopted  the  above  arrangement  as 
2>erhaps,  u]>on  the  whole,  the  simplest,  and  from  its  being  the 
one  most  commonly  in  use. 

I.  FiLiCEft  OR  Fi&R^s.— "IVwe  lrMc^i\^Qa.\AK(i^  oi  \3Dk«M^  \iUiita  oon- 


nUCES  OR  FEB!I& 


S5T 


,t  ronnded  cnsea,  called  gporaiuiia,  cfipnaUt, 

fc79S,  ip),  springing  thimmonly  from  the  veins  on  the 
or  bade  of  their  leavM  or  fronds  {fgt.  792  and  793)  ; 
■M  few  iibitancM,  m  in  Acrtistiehum,  from  their  upper 
■ad  containing  Bj>orefl  in  their  interior.  The  sporangia, 
In,  ire  arranged  in  little  heaps  called  wiri,  which  vary 
form  Offf".  792,  *p,  and  793.  t) ;  these  are  either  naked, 
MMNJium  {Jig.  7!^),  or  corcred  by  a  thin  membranous 
tmoouswith  the  epidermis,  which  is  called  the  ifuJiMiion 
en,  as  iu  Lattna  Filix-taas  {fig.  793).  Sometimes  the 
in  to  denselj  compacted  that  no  intervening  ptren- 
in  be  distinguished— the  latter  being  destroyed  by  the 
I  darelopment  of  the  former ;  in  which  cases,  the  cBpsuloo, 


if  being  collected  in  sori  on  the  back  of  the  fronds, 
I  little  Dodies  arranged  in  a  spiked  manner  on  a  simple 
led  nchie,  at  in  Onnvnda  (Jig.  794). 
OfMMle  ia  a  little  cellular  bag  or  case  (Jig.  705,  i),  usually 
p,  and  more  or  less  completely  surrounded  by  a  ring 
u ;  this  ring  is  frequently  elastic,  and  thus  causes  the 
of  the  capaule  when  ripe,  and  the  escape  of  its  contained 
In  some  Ferns  the  ring  is  imperfect,  and  in  others  it  is 
r  wanting ;  hence  Ferns  provided  with  a  ring  are 
tnUaU,  while  those  in  which  it  is  absent  are  aaid  to  be 
U. 

pona  are  nsuallj  somewhat  angular  in  form,  and  have 
1 2ika  poU«a-oeJJa  ;  and  like  then),  also,  the  outet  co«,t. 


3A8  KKFRODCCmjS  OBOARS  Ot  nUVK. 

which  baa  a  ^ellowiih  or  brownish  colour,  ii  either  ■moothM'fak 
niabed  witb  little  pointe,  streftlu,  ridges,  or  retioulatiMU.  & 
genuinatiun  tbe  inner  coat  is  first  protruded  in  the  fcm  4 


un  elongated  tube  through  an  ftperture  in  tbe  outer  coat,  wbi^ 
utliniattly  bursts,  and  the  tubular  prolongation,  b;  cell-dinnA, 
fonua  a  thin  Hat  green  [larenchymatous  expansion,  csUed  ■ 


t'rvt}4alli'um  (fig.  7f)C),  trom  which  one  or  more  rmdical  fibrei,  •» 
root-liairs,  are  coinn\oi\\3\>To&qLc:«d.mvXK«>^a»AiA>%«.   Oa.U> 
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«r  waxhoe  of  this  body  (fig.  796),  there  are  soon  produced 
different  itnicturee,  odled  antheiitHa  and  arrhrtjtmia,  which 
meat  respectively  the  andrrjecium  and  gyncBciuni  of  flowerini^ 
Kte.  The  aiUheridia  are  cellular  Ixxlien  (fig.  707)  containing; 
ir  minute  cells  called  s^jerm-cellsy  «;,  in  which  are  develoi>ed 
nl  ciliated  filamenta,  ^,  the  antherozoids.  The  ttrchftftnila 
1.796)  are  little  cellular  papilhe  of  a  somewhat  oval  fonn,  with 
mtl  in  their  centre  leading  to  a  cell  called  the  (ferm-reU, 
idi  is  contained  in  a  cavity  called  the  emhrijo-fiar.  Before 
pngnation  a  minute  corpuscle,  which  is  termed  the  emhnjonal 
ywde^  may  be  also  observed  in  the  genu-cell.  Impregnation 
itM  place  by  the  contact  of  the  autheroz^nds  with  the  cor- 
ide,  and  this  after  fertilisation  forms  the  primordial  cell, 
m  the  development  of  which  ultimately  the  i>lant  with  fronds 
•ring  capsules  is  produced. 

The  Feriis  are  tlius  seen  to  exhibit  in  tlieir  growth  two  stages  ; 
the  first  of  which  the  spore  pnxluces  a  thalloid  expansion 
wnbling  the  permanent  state  of  the  H*'))aticao'j£  (fi^is.  82()  and 
2);  sndinthe  second,  }>eculiar  bodies  are  fonued  \i\Hm  the 
r&oe  of  the  prothallium,  by  the  mutual  action  of  which  there 
okiiiiately  produced  a  new  plant  resembling  the  one  from 
ieh  the  spore  was  originally  derived.  Thus,  Ferns  exhibit  an 
tance  of  what  has  been  called  alternation  of  g4»neratUm». 
2.  Equibetace.c  OB  HoiU4ETAii>;.— In  these  plants  the  fully 
^oped  fructification,  found  usually  in  the  early  spring,  is 


Fms.  799. 


Fig.  800. 


Fill.  801. 


^,199,  Peltate  italked  bthI*)  of  a  upecicAof  IIniNerail  (Kquijvt'nn),  i>oiir- 

ing  on  its  lower  surface  a  numl>er  i»f  cajMulc^  or  tlnr;i». /V/.  WW.  .Sjiore 

of  a  HorMtail  fumUbod  with  two  flatrrt,  which  oltv.  wound  round  ic    The 

riaten  are  terminated  at  each  end  by  aclu)>-«hui)e<l  fX|>aiHi'in. Fi^. 

801.  The  eame  »poro  in  a  dry  state,  showinK  tiie  eluters  in  uii  uncuil&i 

le  in  cone-like  or  club-shaped  mimses  at  the  termination  of 
stem-like  branches  {fio^  11).  Eiich  mass  is  composed  of  a 
iber  of  peltate  stalked  scales,  on  the  under  surface  of  which 
lerous  spore-cases,  called  thcaid  or  CMpsnhn^  are  arranged 
.  799).  These  capsules,  when  ripe,  ojien  by  a  longitudinal 
ire  on  their  inner  surface,  and  thus  set  free  the  contained 


rhe  spores  present  a  very  curioti.s  structure  ;  they  are  little 
tided  or  somewhat  oval  bodies,  and  are  regarded  by  Henfrey 
^ypauemmg  one  tnie  coat,  in  consequence  of  taeix  o\x\At 
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coat  splitting  up  in  a  spiral  direction  so  as  to  form  two  d 
filaments  which  are  attached  by  their  middle  to  the  sp 
and  terminated  at  each  end  by  a  dub-shaped  expansiDii  ( 
800  and  801).  These  spiral  elastic  filaments,  which  are  e 
duters,  are  at  first  wound  round  the  spore  {fig.  800),  but  i 
dry  they  ultimately  uncoil  (Jig.  801),  and  thus  appear  ^i 
in  the  dehiscence  of  the  capsule,  and  in  the  dispersion  o( 
spore  to  which  they  are  attached. 

When  these  spores  germinate,  a  little  pouch-like  prooea 
trudes  from  their  surface  by  an  elongation  of  their  membn 
this  ultimately  forms  a  green  lobed  flattened  expansion, 
prothallium,  which  differs  however  from  that  of  the  F( 
in  usually  being  furnished  only  with  antheridia  or  archeg 
— the  prothallia  therefore  are  said  to  be  dioecious. 

The  male  and  female  ])r(>thallia  moreover  differ  somewlu 
size,  the  former  being  the  smaller  of  the  two.  As  in  Ferns  i 
from  the  embryonal  corpuscle  of  the  germ-cell  of  the  aidi 
nium  after  impregnation  by  the  antlierozoids,  a  new  plai 
ultimately  produced  resembling  in  every  respect  that  of 
parent  plant  from  which  the  spores  were  derived.  As  ii 
case  in  Ferns,  therefore,  we  have  in  the  Equisetaoese  alfo 
instance  of  cUt^mation  of  gen&ixttions. 

3.  Maiwileace^  or  Peppebworts. — In  the  plants  of 
order  the  fructification  is  placed  at  the  base  of  the  leaf-sti 
It  consists  tisually  of  a  two-valved  stalked  involtLci-e  or  $pcro^ 


¥ui,  802. 


Fio.  803. 


Fio.  804. 


Fig.  80*2.  Frnctiflcatfon  of  a  species  of  Jiur- 
filrti.  $.  Two-va]T«d  eporocarp.  p.  Pe- 
duncle.    /.  Frnctiflcation. Fig.   804. 

Antheridium  of  the  abore. /V.  SV4. 

Pi»tilli(linni,  pporan^iuai,  or  ovale  of  the 
above.    After  Maout. 


(fig,  802,  s),  which  is  generally  many-celled,  or  sometimes 
one-celled.     The  contents  of  the  sporocarps,  and  the  mod 
which  they  are  arranged,  differ  somewhat  in  the  different  ge 
of  this  order,  and  hence  it  will  be  necessary  for  us  to  alluc 
them  separately. 

in  MardUa^  the  fTUcti&caVvoncoivnsiXA  Qil«k^\xi2i&tAi^\.'«i!^'^ 
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■idMwd  spOTocArp  {fig.  603.  »).     The  valvet  are  hel<l  together 

Ik OHici]«ginuua  ring,  wliich  ii  at  fint  connected  with  the  tbtlk 
tlw  ipoiucBnt,  but  when  the  latter  organ  biints,  the  ring  be- 
SBHH  dijttched  from  the  stalk  at  one  end,  Btraightens,  and  ap- 
BMn  M  a  long  mucila^inoui  cord  iirotniding  fniu  the  BjHtrocar]! 
Uf.  SOS,  t>),  and  bcnnng  on  its  siile*  Humewhat  obl'ing  Npikea  of 
fcidificatioi], /.  Theie  Bpikea  am  at  tint  enveluiwd  in  a 
Vnbnite,  and  arti  cotnpuai'd  of  two  diatinct  organs,  called 
■rftwirfw ;  and  yuHUidin,  njn/nitutin,  or  vviiUii.  These  urguiis  are 
■tlidfd  to  a  M>rl  of  placenta,  the  antheridia  being  on  one  lide, 
■■d  the  iporangia  oo  the  other. 

Each  iporangium  contains  but  one  spore.  It  consists  of  a 
•Mnl  nncleuB,  aiirrounded  by  a  celUdar  coating  except  at  its 
■nn,  where  there  is  a  little  cavity  (Jifi.  801).  According  tiy 
ndMiiter,  'this  cavity  is  gradually  filled  up  with  cellular 
tJBM,  eonatituting  a  conical  prothallium  confluent  with  the 
udaoi.  A  single  archogoninm  is  formed  in  the  centre,  the 
viha  of  which  correaponda  with  the  apex  of  the  prothAliiuin.* 
1b  this  an  embryo  is  ultimately  funned,  which,  when  it  geriiii- 
MHidTGa  off  a  fitind  in  one  direction,  and  a  root  in  that  opjio- 
•itetoiL 

The  antheridia  contain  a  number  of  small  cells  ffiij.  8fltt), 
*kfa  ultimately  develoiie  king  spiral  apennatozoids.  These 
*»ll  eeUs  are  called  gmatl  tpnrtf  or  mifnuin'm :  while  the  largu 
(■■ninating  apore  is  called  the  Uirti<:  tjKire  or  laacriHiiioie, 


Id  Pilulnriathefnicttfication consists  of  stalked,  pill-shaped, 
liiy  sporocariis.  The  interior  of  each  sporocarp  is  divided 
aaUy  into  four  cells  (JUf.  805),  and  when  ripe  it  opens  by  four 
htm.  Jn  the  interior  uf  each  cell  there  h  a  mucilaginous  pro- 
M  or  placenta  attached  to  tlie  walls,  npon  which  ore  placed 
iBMnuu  antheiidU  tuid  sporangia,   aa    iu  Mariilta.     "^v 
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structure  of  these  antheridia  and  sporangia  resembles  in  all 
essential  particulars  those  of  Marsilea,  In  fact,  the  onlj  difir 
ence  between  the  fructification  of  MarsiUa  and  PUnhria,  ii  thi 
more  complicated  nature  of  the  sporocarps  in  MartUea, 

The  fructification  of  Salvinia  (fig.  806)  appears  to  resenUi 
that  of  Marsilea  and  Pilularia,  except  that  the  antheridiiti, 
and  sporangia,  6,  are  here  contained  in  separate  sacs,  nd 
are  attached  to  a  sort  of  central  cellular  placenta.  In  genuBi- 
tion,  also,  the  i>rothallium  of  Salvinia  differs  from  that  of  Jfi^ 
silen  and  of  Pihdariaj  in  producing  several  archegonia,  instesdof 
only  one,  as  is  the  case  with  them. 

In  reviewing  the  fructification  of  the  Marsileacem,  we  find 
that  it  diifers  from  the  Filices  and  Equisetaoeae,  in  {vododa^ 
two  distinct  kinds  of  spores,  and  in  the  prothallium  not  fonoiiy 
a  distinct  expansion  on  the  outside  of  the  spore,  as  ib  the  cms 
with  them,  but  being  confluent  with  the  spore.  These  diaiM- 
ters  show  that  the  Marsileaceie  are  closely  allied  to  the  Ljtoffh 
diacete. 

4.  Lycopodiace^  oe  Club-mobsbs. — The  fructification  in  the 
plaints  of  this  order  is  situated  on  the  upper  surface  of  thttr 


Fig.  807. 


Fui.  808. 


Fi«.  810. 

Fig.  807.  Scale  or  leaf  of  Selagintlla  npoda^  with  macrosporaiijdum  in  iti 

nxil. Fuj.  M)8.  Anthvridium  or  microeporangiuui  of  tlie  above.  pUocd 

ill  the  axil  of  a  leaf  or  i*cale.    Alter  Heiifrey. Fig.  80J».  Micnocporan- 

giuui  of  a  species  of  SflaginelU%.    It  is  two-valved,  and  contaiiu  a  namber 

of  small  ijpores  or  mtcrMjtort;t. Fiij.  810.  MacrosporanKlum  of  a  species 

of  Selagintlla.    Tliia  is  a  two-Tulvecl,  fonr-lobed  «ac,  and  contains  fonr 
large  spore:)  or  ovules,  culled  tiMcn>tpores. 


leaves  at  the  base  {figs.  807  and  808).  The  leaves  thus  bei 
ing  the  fructification  are  frequently  collected  together  into 
kind  of  cone  or  spike,  wliile  at  other  times  they  are  scatten 
along  the  stem.  The  spores,  like  those  of  the  Maraileacen*,  s 
of  two  kinds,  and  are  endowed  in  «e^«x«^A 
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led  ;  the  names  which  would  correapond  to 
I  describing  the  Haniieaceic  would  be  mo- 
;  but  the  foniier  ure  alsu  cnrnmoal]'  called 
vugia  (Jig*.  807  and  81UJ,  and  the  IntUir  laienMpdranifi'i 
and  809).  The  content!  uf  the  former  are  generally 
ffe  ^oorei  or  macmqu/ret  (Jig.  8t0) ;  those  o(  the  latter 
WOT  inieroipoin  (Jiij.  809). 

laen^tomngia  are  iwiially  two-vah-ed  CAUBa  (jig.  810) 
lobe*,  each  uf  which  contains  one  Urge  spore  or  ovule. 
tMpore  ie  commonly  only  one-celled,  but  in  some 
btwo,  three,  or  many-celled. 

ttlhtrulia  iir  microijiur'iii'jiit  are  Buuewhat  renifunu 
d  caaes  (Jig.  81)0),  containing  a  large  iiuiulier  of  small 
tenMpcn']),  in  which  ontherozuids  are  ultimahsly  pru- 

X)podiiim  and  some  other  Lycopudiaceic,  only  one  kind 

sue  haa  been  found,   which  in  of  the  nature  of  the 

im  or  micTOtjiorangiuni. 

TgB  spore*  are  coiiaidercd  by  Hofueistcr  and  others  as 

raea  of  the  ovules.     The  aiitheriilia  or  micruBpomngiu 

iMe   to   be  considered  as  the  male  organs,   and  tiie 

■angia  as  tha  female, 

mination,  the  lai^e  Hpore  produces  n  pimthallium  in  its 

hus  resembling  the  Mnraileacea;,      In  this  archegunia 

bveloped,  in  which  an  embryo,  and  ultimately  a  new 

iroduced  ;  fertilisation  taking  place  by  ueaus  uf  tha 

ida. 

SCI  OB  M0R8ES. — The  reproductive  oi^ns  of  this  lai^ 

iiyptogamouH  plants  are  uf  two  kinds,  which  are  colled 


m  or  pittillldiiiu  u(  u 


(fig.  811),  and  archcjonin  or  piMltdia  {fig.  812). 
Burrounded  by  leaves,  called  fifmAo'/iaJ  {fig.  814,/), 
nmwlly  of  a  different  forjii  and  arrangement  to  those 
II ;  and  in  some  Musses,  they  have,  in  addition  to  the 
1  leftv«a,  another  covering  formed  of  three  or  six  Bmall 
I  T^ydi^roatappeMRnce  to  them,  termed pengaiwill. 


no  I 
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and  constituting  collectively  a  perigone.  The  antheridia  are 
regarded  as  the  male  organs,  and  the  archegonia  or  pistillidia  ai 
the  female. 

The  antheridia  and  archegonia  sometimes  oocor  in  the  mm 
perigone,  in  which  case  such  Mosses  have  been  termed  henm- 
phrmUte.  More  frequently,  however,  they  are  in  difhrait 
perigones,  and  then  both  kinds  of  reproductive  organs  may  oocnr 
on  the  same  plant,  or  on  separate  plants  (figs,  8  and  9) ;  in  the 
former  case  we  apply  the  term  maiwsciousj  in  the  latter  diadfrni. 

The  antheridium  is  a  somewhat  elliptical,  more  or  leis 
rounded  or  elongated  cellular  sac  (Jig,  811,  a),  which  is  filled  at 


Fio.  813. 


Fig.  814. 


Fig.  815. 


Fig.  816. 


•P. 


Fiy,  81 8.  CMctmf*don  pHlvlmattu.    tp.  SpomigimB 
enclosed  in  the  ealyptra.     t.  &/a  or  tfil.Sc. 

r.    Vaginulo.      From    Henfrey. FIf.  •X-^ 

The  Hygrometric  Cord-mow  (FMiarWi  . 
mHriea).    /.  PerichsBtial   leaves,    p,  BtAI 
or  «^cr,  each  of  which  supports  a  i. 

friam,  «,  covered  by  a  caljrptza,  c. ^V-*** 

SporanRiam  of  the  Extinguiaher-moM  (/S^ 

calypta  tulgarU)  before  deldsoenoe.   s- SjX^ 

ranginm  covercMl  by  a  transparent  oslrpt'*' 

r,  and  supported  on  a  seta, «.     Bemstn  tti* 

oUyptra  is  seen  the  lid  or  operc!iiliiiB,«i 

Fig.  816.  The  sporangium,  ar.  of  8ia  after  de- 
hi-cence.  The  calyptra  and  opercnlaB.  •* 
being  removed,  the  periMtomtf  p,  may  bs  i 


maturity  with  a  number  of  minute  cells,  e,  termed  qverm-eeOs  or 
zoothi'c«  ;  in  each   of  these  there  is  a  single  spiral  arUhtrwid, 
The  antheridium  opens  by  an  irregular  peroration  at  its  ^>ex, 
and  thus  discharges  the  sperm-cells  with  their  antherozoidi. 
Among  the  antheridia  there  are  generally  to  be  found  slender 
cellular  jointed  threads  {Jig.  811,  p),  called  paraphyMS,  which 
are  probably  nothing  more  than  abortive  antheridia,  as  they 
appear  to  perform  no  special  function. 

The  archegonia,  like  the  antheridia,  are  also  often  suTTomided 

by  filamentous  cellular  bodies,  called  |>arojo^Vaea,  which  appear  to 

be  in  tliin  case  abortive  archegonia  {Jig,  812).     The  arcAc^ofutcm 

is  A  ^ask-shaped  cellular  body  with  a  long  neck,  the  whole  some- 

what  resembling  an  ovary  wvWi  *\\a  i^.y\&vEA^\«B^VjN<^^V 
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Tke  neck  is  perforated  by  a  canal  which  leadH  into  a  cavity,  at 
the  bottom  of  which  is  a  single  cell,  called  the  ijcnn  or  tmhnjnual 
di  The  case  of  the  archegoniuiu  is  called  the  ep'ujirne..  This 
germ-cell  api)ear8  to  be  fertilised,  as  in  Ferns,  by  the  anthe- 
KMBoidi  passing  down  the  canal  until  they  reach  it.  In  the  case 
of  Moases,  however,  the  fertilised  genu -cell  does  not  directly 
dar^pe  a  new  plant  like  its  parent,  but  after  fertilisation  has 
taken  place,  the  germ-cell  becomes  gradually  develoi)ed  into  a 
aoBiewhat  conical  or  more  or  less  oval  body  (fig.  813,  sp)  elevated 
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Fiii.  «18. 


Fi«.  8iy. 


/V>  817.  Fkfttia  truHCttta,  allowing  tlie  miiaration  of  tlio  o)ieivuluin   from 

the  tporangiam.     From  Honfrey. Fn.i.  818.  8|)oran7iuiii,  u.  of   Hair- 

OUM  deprivel  of  itM  calyptm  anil  oiwrculuni.    p.  Wri^Utnw.    e.  Ejtt- 

fkra^fma  or  ti/mpnnum. f'i>t.  81!K  Transverse  flection  of  a  spiirangiuiu 

d  Hidr-moM,  showing  the  coluuiellu  aarroundotl  by  fni*  sporca. 

^^  a  atalk,  ty  and  as  it  grows  upwards  it  bui-sts  the  epigone,  and 
^^^ea  one  portion  of  it  upwards  as  a  kind  of  hood  (fifj.  814,  c), 
^hile  the  other  portion  remains  below  as  a  sort  of  sheath  (Htj. 
^13,  f),  round  the  stalk.  The  central  iH)rtion  formed  by  the 
y^^Febpment  of  the  embryonal  cell,  is  culled  the  nfHtranjinm 
\Jig*.  814,  u,  and  816,  u) ;  the  stalk  the  *'^i  {fio>*.  814,  ;;,  and 
^15,  a) ;  the  hood  the  c<Uyptra  (Jijit.  814  and  815,  r),  and  the 
^heath  at  the  base  the  ragiwde  {fiAj.  813,  c).  Ft  will  thus  be 
Seen  that  what  is  commonly  called  the  fructification  of  Mosses 
"^namely,  the  sporangium  {fiijai.  814  and  815,  n) — is  not  the  real 
fructification,  but  its  product. 

The  sporanf/mm,  when  fully  formed,  is  a  hollow  urn-like  cise 
iJUj».  817  and  818,  u\  the  centre  of  which  is  usually  occupied  by 
a  cellular  axis,  called  the  c<dumMi  (fi^j.  819),  and  the  space  be- 
tween this  axis  and  the  walls  of  the  sporangium  is  tilled  with 
free  spores,  which  are  small  cells  with  two  coats  and  markings 
resembling  those  of  pollen-cells.  The  sporangimn  is  either  in- 
dehiscent :  or  it  opens  by  four  vertical  slits  so  as  to  form  four 
TalTes,  as  in  the  sub-order  A  ndra?ex  ;  or  luore  commonly  by  a 
trmnsYerse  slit  close  to  its  apex,  like  certain  fruits,  by  which  a 
kind  cflid  ia  produced,  called  the  cperculwn  {figs,  ftlft,  o,  vcui 


(/''/.  Sir*,  ^/),  ^^llic]l,  n>^  just  st.itril,  aiv  foriacd  fmiii  t 
i'iiier  layers  of  the  wall  nf  the  s|i(>ranL;iuin.  The-it^  te 
always  foiir  or  some  multiple  of  that  number.  Souiei 
membrane  from  the  inner  wall  is  stretched  across  the  moutl 
sporangium,  and  forms  what  has  been  called  the  epiphra 
tympanum  (jiif.  818,  e).  When  the  mouth  is  naked,  the 
in  which  such  a  sporangium  is  found  are  called  gymnosfct 
naked-numth^  ;  wlien  the  mouth  is  surrounded  by  a  sing 
of  teeth,  they  are  said  to  be  ajyloperisUtmou^  ;  or,  whe; 
two  rows,  they  are  dlph})en^m<nis.  The  different  appei 
])re8ented  by  tlie  t«eth,  as  well  as  their  number  and  dei 
r^ohcsion,  form  important  distinctive  characters  in  the  di 
Kenera  of  Mosses.  The  operculum,  as  already  stated,  is  J 
bv  a  projection  of  the  outer  layer  of  the  wall  of  the  « 
gium.  At  the  point  where  the  operculimi  separates  an 
ring  or  annulvs  is  produced,  which  encircles  the  mouth 
sporangium. 

In  germination,  the  inner  coat  of  the  spore  is  protnid 
tubular  process,  which,  as  it  elongates  by  cell-division,  fi 

g'een  cellular  branched  mass,  or  prothiUiumf  like  a  Co 
ut,  as  described  by  Berkley,  *  this  mass  is  very  much  of  th 
nature  as  the  mycelium  of  Fungi,  and  is  called  the  Proi 
and  is  always  distinguished  by  the  cells  containing  ohloit 
Many  spores  may  concur  in  the  formation  of  this  mas 
whether  more  spores  than  one  concur  in  the  formation  of  i 
plant  is  doubtful.  Be  this  as  it  may,  after  a  time  a  littl 
or  swollen  articulation  appears  upon  the  threads,  which,  1 
division,  is  developed  into  a  leafy  shoot,  upon  which  mk 
and  antheridia  are  afterwards  developed.* 
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loi  ntitr  is  oloHly  kUied  ;  thev  are  called  aiUkeriiiia,  and  at- 
LfMia  or  puiUUdia,  and  bothlcinda  mav  be  found  on  the  xame 
Mt,  or  m  different  plant* ;  hence  thete  pkuite  are  either 

■MMMOM  or  (tuZCtOtU. 

Tlu  mUheridia  or  male  organs  are  vanootily  eitimted  in  the 
Kfeteiit  genera  of  thia  order  ;  thui,  in  the  leafy  planta  they  are 

Kin  the  axil  of  leaves,  oa  in  toine apecieii of  i/iftup.'rtniitiiiki; 
a  plants  they  occur  in  the  iiilittance  of  the  frond  nr  thal- 
Vi  eipannon,  as  in  Riccia  and  FiTnliruiria  ;  and  in  others, 
M  B  tfardkanfici,  thej  are  found  imbedded  in  the  upper  k\it- 
bt  tt  pelUte  ur  diiouid-atalked  receptacles  (Jiij.  830,  r).     The 


Fto.  820. 


Af'  ■».  A  fonioo  of  llw  ihiUiv  ur  ttallalil  Hem  n'  UnrrMaHiM  p^ltmarp^a, 

dnUtii,  dlKhugini:  lU  ■null  cctliiliirMMitEntaC-i'rnR-ivJb). 

''■fknijul  are  small,  generaltjr  shortly  stalked,  cellular  aac4.  of 
4  oni,  or  somewliat  flaak-shaped  form  (Xv-  )^21).  in  vhiuh 
t«  oontained  a  number  of  Hmall  Rpurm-cells ;  and  their  wallH 
Fa  HHuall;^  formed  of  a  double  layer  of  cella.  When  ripe  the 
ntheridiuni  bnnits  and  discljargus  its  contenti  ;  the  tperm- 
iUi  also  burst,  and  each  emits  h,  ningle  ii  utile ruMi'i,  in  the  fonu 

a  spiral  thread  with  two  or  three  coils,  suniewhitt  like  those 

Chmt  (fig.  845). 

The  arcKtg-niia  i)r  pi»*.iUidia,  like  the  anthcridia,  are  differ- 
tiy  arranged  in  different  genera ;  thuR  in  Kircia  they  are  im- 
dded  in  the  lubBtance  of  the  frunil,  while  in  Junyrrminnia 
d  Jforcfcantio  (Jig.  832)  they  are  cuntained  in  receptacles,  r, 
lioh  are  elevated  above  the  thalhis  un  Htalks,  t.  They  are 
aally  amall  flaak-shaped  budlea,  cunaiBtiug  of  a  cellnlarcftte  or 
ipmt  C/S^.  S33},  h»riag  »  canal  iu  itM  upper  elongated  pOT^n 
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which  leads  to  a  cavity,  at  tho  bottom  of  which  a  nniflBfnM 
called  the  i/frm  or  embryonal  cell,  is  developad.  Tho  gem-i 
IB  doubtless  fertilisttd,  as  in  Femi  and  Monaa,  by  the  pMNp 
the  antherozoida  down  the  canal  until  ihey  cnme  in  ocmtHil 
it.  The  fully  developed  archegonia,  like  those  of  Homss,  k 
also  at  times  an  additional  covsring  luirounding  the  epiga 
called  the  perigon^,  which  frequently  growa  up  so  aa  to  ran 
sort  of  cup-shaped  covering  {fiq.  823,  b).  At  the  base  of  t 
perigone,  a  number  of  celli^ar  ^laments,  perichntial  lean^ 
ji&raphyses,  are  also  occasionally  to  bo  found  [Jig.  823,  «,«). 

As  in  the  case  of  Musses,  the  fertilised  germ-cell  does  i 
directly  duvi:lope  a  new  plant  like  its  parent,  but  after  fotSi 


tioii  the  genu  cell  enlarges  and  biirsia  through  the  e 
funtiB  a  apnrangium  or  cttptiiU  ;  the  eplgime  eit* 
a  sort  of  sheath  round  the  base  of  the  sporangium,  wtiicD 
called  the  vaginule,  or  its  upper  part  is  carried  upwardssi  ti 
of  liood  or  styloid  r.nl\jptra. 

The  sporangia  vary  much  in  different  genera.  In  Ma/rA 
tia  they  are  formed  of  two  layers  of  cells  ;  one  external,  cil 
t))e  cortieal  or  peripheral  layer,  and  one  internal,  in  which 
spores,  &c.,  are  deveXoped.    T^«  Qe\\«  tA  ^a  «eiAk»L  ^ 
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tlubit  spiral  fibres,  like  the  cells  constituting  the  inner  lining 
[  the  anthers  in  Flowering  plants.  Tlie  cells  forming  the  in- 
nal  layer  are  thus  described  by  Henfrey  : — 'At  an  early 
mod  the  cells  of  the  internal  mans  present  the  appearance  of  a 
■ge  number  of  filaments  radiating  from  the  centre  of  the  spo- 
ngium  to  the  wall.  These  soon  become  free  from  each  other, 
■d  it  may  then  be  perceived  that  some  are  of  very  Hlender 
liimetar,  and  others  three  or  four  times  as  thick.  The  slender 
wes  are  developed  at  once  into  the  long  eltiUrt  {Jig.  824,  c) 
disnoteristic  of  this  genus,  containing  a  double  B[)iral  fibre, 
^  two  fibres,  however,  coalencing  into  one  at  the  endH.  The 
Uudur  filaments  become  subdivided  by  cross  partiticms,  and 
bnsk  up  into  squarish  free  cells,  which  are  the  parent  cells  of  the 
ipoTM,  four  of  which  are  produced  in  each. ' 

The  sporangia  in  this  genus  are  situated  on  the  under  side  of 
the  receptacle  {fig.  822,  r),  and^  vary  in  fonu  ; — they  burst  by 
TilTei.  In  Jimgerinannia  the  sporangia  are  elevated  up<m  stalks 
sriting  out  of  the  vaginule  ;  tliey  are  more  or  less  oval  in  form, 
sod  open  by  four  valves  which  spread  in  a  cross-like  form  ;  they 
oontain  spore-cells  and  elaien  with  a  single  spiral  filament.  In 
^uMaeeriM  the  sporangia  open  by  two  valves,  and  have  a  central 
uii  or  columella  ;  they  are  of  an  elongated,  tubular,  or  conical 
fonn,  and  are  situated  on  a  short  stalk,  and  contain  spore-cells 
ttdelaters,  but  the  latter  have  no  spiral  fibres  in  their  interior, 
lodsremuch  simpler  in  their  structure  than  those  just  described 
M found  in  MarchaiUia.  In  Riccia  the  sporangia  are  imbedded 
^  the  lubstanoe  of  the  frond,  and  have  neither  elaters  nor  c<.>lu- 
1*^    They  have  no  regular  dehiscence. 

The  spores  have  usually  two  cc»ats,  like  pollen-cells  ;  and  the 
Qter  coat  also  frequently  presents  markings  of  different  kinds  ; 
ot  in  MarchfitUia  the  spores  have  but  one  coat.  They  all 
^nninate  without  any  well-marked  intennediate  prothallium, 
though  some  pro<luce  a  sort  of  confervoid  mass  or  mycelium. 


Section  2.     REPKODUtrnvE  Groans  of  Thallophyte.s. 

Ths  Thallophytes  may  be  divided  into  four  large  natural 
iers,  called  respectively,  Fungi,  Lichenes,  Characeie,  and  Algie, 
each  of  which  again  subordinate  divisions  have  been  made. 
e  general  characters  of  the  larger  groups  will  be  described 
■eafter  in  Systematic  Botany.  At  present  we  have  only  to 
mine  their  reproductive  organs,  and  of  these  even  we  can 
y  give  a  genend  sketch  ;  but  for  fuller  information  on  this 
ject  the  student  is  referred  to  8achs*s  *  Text  Book  of  Botany,' 
Bennett  and  Dyer. 

1.  FuNoi  OR  Mushrooms. — To  give  a  detailed  description 
he  various  modes  of  reproduction  occuning  in  the  different 
'•diyiuonM  oi  thia  order  of  Thallophytes  would  be  beyond  t\v<d 

B  B 
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scope  of  this  manual,  and  we  will  therefore  siinplY  cHoom  a  fit 
examples  as  types  of  the  different  methods  by  wlucn  reprodnctki 
may  take  place.  For  this  purpose  we  will  adopt  the  clasnficttiai 
proposed  by  De  Bary,  according  to  which  the  Fungi  are  dxxM 
into  the  following  groups,  viz. :— (i)  Phyoomycetes,  (ii)  Hypo- 
demiiie,  (iii)  Basidiomycetes,  (iv)  Ascomycetes. 

(i)  Pkyeamycetr^. — As  an  example  of  this  group  w%  w3 
briefly  describe  the  life  history  of  Cysioptu  canauftM,  a  fm^ 
which  is  commonly  found  growing  upon  Cruciferous  plants  B 
resembles  closely  in  its  morphological  phenomena  FaucAem(1k 
life  history  of  which  is  described  under  '  Algie,'  page  384),  not 
only  in  respect  to  it«  unicellular  mycelium,  but  also  itafomutioi 
of  oogonia  and  antheridia. 

( )n  examining  a  plant  infested  by  Cystopu*,  it  will  beieentlak 
the  greatly  elongated  one-celled  mycelium  of  the  fungus  is  isttf- 
woven,  as  it  were,  among  the  cells  of  its  own  tissue,  and  dnm 
nourishment  from  the  latter  by  means  of  little  rounded  proje^ 
tions,  kno^-n  as  han^oria. 

After  vegetating  for  some  time  in  this  manner,  erect  hmndw 
grow  out  from  tlie  surface  of  the  epidermis,  from  which  conidia 
are  formed  by  a  process  of  budding.  (The  term  conidia,  wha 
used  by  us,  indicates  in  all  cases  reproductive  cells  which  m 
prmluced  asexually.)  From  these  conidia,  when  moistened  witt 
dew,  rain,  &c.,  zf»o8pores  are  formeil,  and  these  settling  down 
upon  a  Himilar  plant  will,  under  favourable  circumstsncei, 
again  develope  the  Cystojmit  mycelium. 

But  Cijstop\M  can  alno  produce  zoospores  by  means  of  1 16X1111 
process,  wliich  tiikes  place  in  the  interior  of  it«  liost.  The  ndt 
of  certain  filaments  of  the  mycelium  swell  up,  forming  oo^ia 
{fifj.  826,  A,  Of/,  Off) ;  wliilst  two  club-shaped  bodies,  theastt^ 
rUllii  {fig,  825,  b,  an),  are  formed  by  branches  which  ari« 
from  near  the  base  of  the  oogonium. 

In  the  course  of  its  development,  the  oogonium  becomes  of  i 
more  or  less  spherical  form,  and  at  its  base  a  septum  is  f(iraed 
separating  it  from  the  general  cavity  of  the  Cysffopus  mycelium, 
whilst  the  greater  part  of  the  protoplasm  contained  in  the 
oogonium  arranges  itself  so  as  tr)  form  a  rounded  mass  known  ii 
the  oosjth^fre  (Jifj,  825,  B,  os). 

When  fertilisation  is  about  to  take  place,  one  or  other  of  tlie 
antheridia  comes  in  contact  with  tlie  (K>gonium,  and  subseqnentlj 
the  protoplasm  of  the  antheridium  reaches  that  of  the  oogonioB 
by  penetrating  the  membrane  of  the  latter  (Jij.  825,  b).  An 
oospore  is  thus  formed  (fiy.  825,  (t,  o«),  which  becomes  «ff* 
rounded  by  a  distinct  cell-wall,  and  contains  numerous  stuch 
grannies  {fifj.  825,  n). 

After  lying  dormant  during  the  winter,  the  protopla^n  nf 
the  oospore  becomes  divided  into  numerous  segments,  the  wlwle 
)>eing  covered  by  a  thin  membrane  known  as  the  endospon  C^> 
825,  E,  i,  and  F,  i). 
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n«iii  aich  of  the  little  Kginenti  (>f  protoplmm  in  fiirmeil  ft 
IMn)oi«oriwarni-8pore(^(r'  ^^^i  0)1  each  uf  which  BiibieqiieTitly 
•Mm  down  Mid  m»j  produce  n  nuw  Cyitopiit  uifoeliiiiii. 


r.  FarmitJon  of  nnmi^fivra.  1 
Vcm.    Afln-  Dc  Diry. 


n  Klin- oMjioiir.    K, 
I.  f.  Protmilul  cndii- 


(ii)  Hypodermix. — 7\u:r.inta  qmiiiiiiis,  wtiich  we  will  take  ns 
Ifce  t^w  of  thia  group,  in  peraarkaljlu  not  only  in  showing  a  ciis- 
tbet  altem&tion  of  genemtinnn,  but  kIbu  in  the  fact  that  enuh 
mention  ii  developed  iijiun  different  hosts. 

Thus  in  the  ipring,  the  fiingua  (./i;f.  8211)  may  be  Keen  in 
1e  phaoe  of  its  existence  gniwing  on  the  Barberry  (Jin-lnrln 
llyarU),  whilst  in  the  Bummer,  njHin  certain  Qntaii^B,  fungous 
ttiwtha  (Jig>.  837  and  82H)  tnik^  ho  »een  whicli  have  liL-en  di>- 
Bloped  from  spores  formud  whitHt  the  Pxrciiiiit  was  inhabiting 
leBwberry,  and  which  in  fact  conatitutfs  the  second  geneRttion. 
If  a  section  be  imulo  through  one  i>(  the  yellowish  Bwelliiigs 
len  on  the  leaf  of  a  Barberry  plant  which  it  affected  by  the 
ingiM,  the  whole  tiaiuo  nf  the  leaf  at  tlie  spot  in  iiiieBtion  will 
I  Found  to  be  pertDcated  by  the  mycelium  of  the  PvtelHiii, 
bilst  two  kinds  of  fructificatiiin  may  he  noticeil,  one  on  either 
Je  of  the  leaf.  On  the  npper  snrfaec  (jiy.  H2(i,  »),  are  sonic- 
hat  lonnded  spaces,  termod  fprriiic'i'niui,  up,  full  of  very 
tllaita  h*ir-Jike  bodies,  and  fniin  the  floor  of  the  Ctmty  vet^ 
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anutll  spore-like  structures,  the  gtermafia,  are  formed. 

under  surface  are  the  atadi  latgetiecidiumjrwtt  or  m^ 
ir.„  oAn  These    consict    of 

packed  vertioftl  hy^ 
which,  bj  t  prooesi 
tinuuus  hudding,  . 
number  of  oonidia-lA 
are  detached.  It  is 
germination  of  Uu* 
and  theirjprowthon  < 
that  what  are  kitowi 
nrtdo-fnitit  are  prod 
These  consist  <^ 
mycehum  (fig.  827, 
terwoTen  among  the 
the  Gra.t8  leaf,  fron 
Tertical  branches  ih 
wards  bearing  atthd 
nuties  oval  granular 
the  vreiiotporet,  ur. 
iiredospores,  germini 
other  Grasses,  again  | 
uredo-fruits.andthii 
niay  be  carried  on  tl 
out  the  t 


Fia.  8i8. 


n^.  NIT.  Port  ot  •  iByn  irf  niMo^nc 
l{n>1»  IH  mroaUnin  rwultTtBt 
the  wlU  of  m  m(  of  tha  Concb  fir 
Undcflpom,  r.  A  Uleatoinn,- 
gii.  '.ZpliermtS.miidi.inaBtlfw 
or  Iho  MmUA  letL  l,L  TslsBb 
After  Da  Bujr. 

waida  autunin  some  oi  Ihe  o\&qt  tu^^'tiM^  -^cod^wb  « 
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wn  M  tlw  iekuto^nrct  (J^ii.  837, ',  and  82S,  t,  t).  TheM  are 
-nDnd,  aomewhat  elongated  ipitm,  which,  ^nniiiating  npiin 
Bltbeny  leftf,  give  rise  to  ths  tpcidium  fruits  whiuh  we  have 
•Ijdeacribed. 

B  wiD  be  noticed  that  as  yet  no  Hexual  pmcew  ha*  been  din- 
■ad  to  occur  during  the  life  history  of  Pfi>-ciiii>t.  Should 
kbelMTeafterdenionBtrated,  itwill  probably  be  in  its  growth 
M  the  Barberry,  and  prior  to  the  formation  of  the  ai:iilia. 
^f  Batidiomyceiti. — Ah  an  example  of  this  group  we  will 
1^  deacribe  what  ia  known  of  the  life  hiitory  of  the  common 
■kmon  ^Agarieitt  eamjiexlrui).  That  which  is  onlinarily 
VVBH  the  Mushroom  is  in  reality  the  rtcfptafU,frnctylifn- 
%,  at  ^toTe-prodfuing  ttrueture,  growing  from  a  mycelium 
p.  829,  X,  mtf),  which  ia  vegetating  underneath  the  surface  of 
)  p<Mmd  or  other  lubttance  upon  which  the  fungus  may  be 
nmg.  The  rtetptodf,  in  the  cuko  which  we  are  considering, 
irirti  of  two  parts,  vi*. ; — the  top  or  pile-ns,  p,  and  the  ttalk  or 


Fto.  829.  X. 


Tut.  839.  K. 


of  Affarieiu,  prodndnff  the  yt 
e,  »t.  The  former  may  be  regarded  bh  the  essential  part  of 
i«ceptacle,  the  spores  being  produced  on  its  under  surface, 
1st  the  stalk  simply  serves  the  purpose  of  raising  the  cap 
le  distance  above  the  ground. 

In  the  earlier  stages  of  development  the  young  receptacle 
■uta  of  small,  somewhat  pear-shaped  bodies  {Jig.  829.  b), 
le  up  of  a  dense  mats  of  hyphal  tissue  continuous  with  that 
iu  mycelium,  m.  At  growth  proceedn,  an  annular  cavity  ia 
Be<i  oMT  tka  upper  part,  the  rot<l  of  which,  growing  n.'jiv!^^ 


[iiiirrriiK  ucu 


N>^    OK    KINGI.- 


iri  0.  trnnavurse  direction,   ultiniatelf  becomes  covered  b, 
luimber  of  closely  get  vertical  folds  placed  im  »  rkdwting  dinctiia  I 
fruin  the  centre  to  the  margin  ;   theae  are   the  lftiii»ll»>,  ui  I 
cullectivoly  constitute  the  hyiuenium  {Jv/.  829.  a.  la),  upon  whiA  I 
the  spores  are  produced  in  a  manner  to  be  preaently  deMnbii    f 

The  growth  of  the  cap  gradually  caiues  the  floor  of  tliecsri^,  ; 
known  aa  the  ttU  or  ituJiijRwn,  to  give  way  from  the  mtft, 
HO  that  it  comes  at  last  to  hang  from  the  stalk  in  the  fons  a  I 
fringe  or  auHultu  {Jig   829   a   uii) 

If  B,  tnnsTerse  section  of  one  of  the  lamellm  of  a  iiMtBf 
hyuiemum  {Jig   829   a   A)  be  made,  it  will  be  seen  to  eoDMttf    . 
cells,  greatly  elongated  in  the  centre,  ' 

Fio  830 


(fi'j.  830, 0,  but  being  smaller  and  more  or  leai  rounded  towarii 
the  periphery,  where  they  form  what  is  known  aa  the  »iir 
hymenial  layrr,  >h. 

Placed  ui>on  and  derived  from  this  layer  are  the  doiMl; 
crowded  cinb-sliaped  cells  koown  respectively  aa  tlie  boaUis 
1,  »",  »'",  >"",  or  paraphyaes,  q,  according  as  they  produce  ipcnt 
or  remain  sterile. 

From  each  bBHidiiim,  in  this  species,  two  sporea  are  prodoetd, 
the  process  of  their  development  being  as  foQows :— On  the  (ns 
rounded  surface  of  the  basidia!  cell  there  first  appear  tvo  littk 
procesaea,  /,  vMcVi  c^ui(ik\^\>ec(fliMa^QU«aiib*CtuBx  v^afmtitit^t"- 
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it  mU  u  produced,  *"',  which  becuuiea  separated  frum  the  littlu 
talk,  ■"*',  and  fomu  a  ipore. 

IIm  ipoies,  thua  formed,  when  placed  under  favciur&ble  cir- 
RMtMHset  are  capable  of  producing  the  mycfliuuj,  iir  dense  net' 
WtA  of  hTphie,  from  which  again  the  fructiticutiun  or  receptacle 
kdareloped. 

Judging  from  analogy,  we  would  have  expected  the  fructifi- 
CMkn  to  be  the  result  of  a  seziinl  procewi  taking  place  in  the 
IQnlinin,  thua  giving  rise  to  an  alternation  tif  generations,  but 
mn  the  lat«at  rewarches  on  the  subject  it  ajipears  doubtful 
iMwr  such  be  the  case. 

(It)  AtcomyaUM.- — Froui  this  division  of  Fungi  two  eiaiuplei 
■tjbeselected  for  description. 

Thefint  which  we  will  consider  is  Clnrktpi  pttrjmivii,  or  the 
&tot  Faogna.   If  we  trace  thedevelopmeotof  tnis  Fungus  uiHiii 


Fic.  831. 


fry.  tZi.  ToDDft  •dpruClDin. 

old  ^ihicolU.  tfh. rtf.  US.  Btctvuc 

•phaodlft  wiUi  tiH  (c'"'"" —  "'  "■---■ — ' 


9  ovary  of  the  affected  Graaa  (Rye  being  the  one  more 
nnuinly  aelected),  we  find  that  it  first  produces  what  in 
own  aa  the  »pkacelia.  On  eiatninuig  a  sectiou  of  an  orary  in 
■  condition,  it  is  seen  to  be  almost  completely  guirouuded  by 
lenae  inass  of  hyphal  tissue,  which  also  penetrates  more  or  less 
o  it>  interior,  and  gradually,  in  fact  almost  entirely,  takes  the 
toe  of  the  proper  structure  of  the  ovary — this  being  luore  par- 
nlarly  the  caiie  towards  the  baou  of  the  organ  (.fig.  832). 
From  the  free  ends  of  the  outer  hyphtti  great  uunibere  of 
nidia  (^.  832)  are  produced  by  budding,  which  api>eur  to 
va  the  power  of  a^jain  producing  tiphacelia  in  other  Grasses. 
nally,  the  hyphal  tissue  becomes  m\ich  tuure  dense,  this  taking 
toe  DT«duaUy  from  the  base  to  the  apex,  until  the  iderutiiim 
jl.  Ml),  or  ErgiA,  which  is  ultimately  (fi^j.  833)  a  somewhat 
m-ah^ed  hodyot*  d»rk  purple  colour,  is  formed. 
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Aft«r  remaining  dormant  dnrinK  the  winter,  the  Brjol « 
Hrleriitiiim  protluceH  spores  (from  which  the  Bphacali> can  agiii 
bo  formed)  in  the  fnllowing  maimer.     Stalked  receptaclia  (j^ 


ihmpM  HlFTntliiin  at  nsrjnvi  fmrftrm,  n 

^    our  Blilkril  nrrpUcln. hi.  SM.  L«j^ 

ipucls  ot  ibe  lUDi!  nurnlOed,  ahuicliif  tbe  vA 


A  BlDRle  peritLwfnm  o: 


— fig.  lot.  Aid  or  tbc  wmr,  mndlulBI 


83^)  grow  up  from  the  tiraue  of  the  Eraot,  in  which  are  dereloped 
a  number  of  jwrriheciti  (Jig.  634V  These  p«r»(Aee»<i  are  toiBt- 
what  tiaak-Bhaped  canities  <Jig.  SSiS^^iiVa^vM^M^Vt^ttwV 
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ktUr  contHning  long  ilender  iporei  (Jig.  836),  termed  oivo- 
li^vluch  sgMD,  b;  ^nninating  on  the  Rye  Dr  allied  GnxBeB, 
tiin  to  tlw  aphaoeli*. 

Pedm,  ma  Mcond  ex&mple  of  the  Ascniiiycclei,  in  »  ceniiB  of 
■|i  coDtaining  »  gnat  niimlwr  of  B|wcieB,  inanj  of  which  are 
jBomiDon,  and  niaj  be  Keen  growing  \ipon  the  dead  trunks  of 
M,  ie.  Ftxixa  ia  recognised  as  a  aniall  diK-shaped  budj, 
)Uf  nipped  on  the  upper  surface  and  of  a  rG(liluh-]>ur]Me 
NT.  On  elc«e  examination  it  ia  found  that  this  Htriietiire 
UA  ii  in  fact  the  fructification)  is  groning  friim,  and  continu- 
iwith,  a  mycelium  vegetating  under  the  surface  of  the  wood, 


•iilf¥tnj,    d,  Oofc<>nLum  wjth  ]w>pktd 


upon  which  the  Fungus  is  situated.  On  oiamining  a  vcrti- 
Drtion  under  the  microscope  it  is  seen  to  consist  of  numbers 
ongated  celh  closely  pocked  side  by  side.  Of  these  the 
ter  number  are  Tery  narrow  and  somewhat  cl'ih-shaped  at 
ntremities,  whilst  the  others  are  broader  f^'i/.  837,  "-/)  and 
lin  within  them  eight  oval  spores  in  a  greater  or  leas  state 
arelopment.  The  latter,  n-f,  are  known  na  the  nin-i  (the 
M  they  produce  being  temicil  nsriHtju-rni) :  whilst  the  former 
terile  branchlets  are  the  }U'ni2>h;iff'.  The  aacospurrt  are 
need  by  the  process  of  free  cell  furnjatinn. 
l»t  which  we  hafe  been  deacribing,  howcTcr,  is  merely  one 
•  of  the  life  history  o(  Pni^,  as  this  ia  one  of  the  Fungi  in 
h  a  clearly  marked  alternation  of  generations  exists. 
Lt  ft  oertain  period  of  the  year  there  appear  on  the  Pf^'wi 
>  directed  rerticaJIy  upwards,  wWc^i,  »S\« 
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branching  and  rebranching^  produce  structures  by  meansof  i 
a  sexual  process  takes  place.  These  consist  of  aniheridia 
83Sf  i),  and  what  may  be  termed  oogotUa,  a,  the  latter  1 
oYoid  vesicles  placed  at  the  extremities  of  the  branchlets ;  i 
the  former  is  an  elongated  dub-shaped  body  rismg  from  I 
the  base  of  the  oogonium.  The  antheridium,  if  finally  u 
with  the  oogonium,  a,  through  the  interposition  of  a  1 
shaped  process,  /,  on  the  latter,  and  as  a  result  of  the  fert 
tion  a  number  of  hyphsB,  h,  hy  shoot  up  from  the  base  oi 
oogonium,  which  ultimately  develope  so  as  to  form  the  fn 
cation  which  we  have  already  examined. 

2.  LicHENEs  OB  Lichens. — From  the  more  recent  reseai 
which  have  been  made  on  this  order  of  plants,  it  appeszs  \ 
most  probable  that  Lichens  are  in  reality  Ascomycetous  Y\ 
parasitic  upon  Algse.  As  however  this  question  cannot  as  y 
considered  as  absolutely  settled,  and  as  moreover  Lichens  pn 
so  many  characteristics  peculiar  to  themselves,  we  have  uu 
it  well  to  describe  them  and  their  modes  of  reprodacti«m,  u 
a  separate  head.  According  to  the  view  then  that  lichm 
species  of  Fungi,  the  chlorophyll-containing  cells  or  <^ 
(Jigs.  841,  yatif  and  843,  gon)j  found  within  the  substUD 
their  thallus,  and  which  used  formerly  to  be  regarded  as  8| 
asexual  reproductive  organs,  are  in  reality  Algse  upon  whicl 
Fungus  is  parasitic.  Thus  the  thallus  of  a  Lichen  isaoomp 
structure,  consisting  of  two  elements,  the  fungal  and  the  oi 

The  reproductive  organs  of  Lichens  are  of  three  kinds : 
Apothecia  ;  (2)  Si>ermogonia  ;  and  (3)  Pycnidia. 

The  apothecia  are  of  various  forms,  and  have  received  diff 
names  accordingly  ;  the  more  usual  are  the  round  (Jig,  84( 
and  linear  {fig.  839) ;  the  latter  are  commonly  termed  M 
The  apothecia  may  be  either  sessile  or  stalked  ;  the  stalk, 
present,  is  termed  the  podetium.  The  apothccium  is  either 
posed  of  two  parts,  called  the  ilialamiumsjidi  excipuluiny  or, ' 
former  only  ;  when  the  latter  is  found,  it  forms  a  partial  < 
tire  covering  to  the  thalamium.  The  body  of  the  apothi 
constitutes  the  thalamiumy  and  the  layer  of  cells  at  the  b 
of  this,  upon  which  the  thecal  and  paraphyses  are  plac 
termed  the  hyjuythecium.  When  the  aix^thecium  is  dividec 
vertical  section,  it  is  seen  to  contain  a  number  of  spore-cases 
(isci  {fig.  841,  (1^),  surrounded  by  thread-like  or  somewhat 
shaped  filaments,  called  paraphyseSy  par,  which  are  usuaJ 
garded  as  abortive  asci  ;  the  asci  and  the  paraphyses  are  ] 
perpendicularly  upon  the  hypothecium.  The  apothecia  ai 
quently  of  a  different  colour  from  the  surrounding  thallus 
is  due  either  to  the  paraphyses  or  the  excipulum.  Each 
asci,  cuff  generally  contains  eight  s]K)res,  but  in  some  case 
four,  and  in  others  sixteen  ;  thus  the  spores  are  conimc 
multiple  of  two,  and  the  number  is  always  constant  foi 
specieB.     In  rare  cases  tYie  sad  "W?^  «k\&x^  Ti.\imbQt  of  b 
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ndknhMiMHid  to  be  jMlyaporoiu.  The  iputiM  th«niM>lTeH 
■■  tnnwUj  tenned  tueotpimt.  idutue  uf  thne  spure*  axe  u!  a  very 
MBplax.  •tructore,  being  divided  into  twu,  four,  ur  uiui;  cella, 
Tmf  tn  fnqueatlj  betuitifullf  coluunid,  and  funu  iMuutiful 
■biMb  nnder  the  microacupe. 

la  t  veiy  few  senera  of  Lickens,  u  Abrvtkalhu  and  ScutuUt, 
wtain  ■tnicturesliave  been  discoTered  by  Tuluue,  called  ttylo- 
Ml.  Theoe  ua  analogun*  to  tbestyliisporeH  of  oerkiin  FiiDiii- 
'nar  eoiuict  of   iaoUted  «pur«*  Ixinie   ui^ii  Hhortiah   (inii>le 


Fit.  8»-  Th«aM  ol  Op-gmr*'i  aim  ihoirlng  Llri^lle. Fi-r.  840.  Pgrtlon  ol 

the  tbailoM  of  l^rmrUa  parli/jna.  vllh  joting  afWArrin.  iifi.  nnil  iprr- 

■u^aina.  V,    Atlpr  Uratrty. fnr.  Ml.  HxtUm  o(  itie  llwflu-  through 

u  ^nttweliuii  of  ''tfroHii  likmdiot.    ai.  A>cl,  thrw  i>(  wliLch  ouoUia 
t*oo*poni.    far.  Fotnpbign.    «.■.  GodMIb.    Alter  Bvrg  wid  iMinilili. 

illns.     They  are  produced  in  couceptaclea  to  which  ia  applied 
0  mmie  ot  /nfciviilia.' 

The  aptrmngatiia  were  fiiat  itiBcovored  by  Tiiliuine,  but  they 
tTe  been  now  found  in  a  great  nuuiber  uf  Lichcnii,  and  probably 
jat  in  all.  They  generally  ap|)ear  aa  littlu  black  ipecks  ntjor 
«  niargina  of  the  thallus,  in  tlie  tissue  of  which  they  are 
niaUy  more  or  leu  imbedded  {Ji;i.  840,  iqi) ;  but  rarely,  tliey 
«  quito  free  and  above  the  tballitH.  Tim  B]ieriiLogonium  variuB 
.  fvrm,  and  haa  one  or  inoro  cavities,  with  a  small  orihce  at  the 
])  termed  the  orttok  or  pure  (jig.  lii2,  oa),  «ith  which  all  the 
.vitie*  oominiuiicBte;     The  sj}eniioj[oiiium,  when  matva«,^i>k 


SBO 
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its  Ulterior  611ed  with  &  niimber  of  bodie*  Galled  qwrmittM  (Jtfi 
842,  n,  Hiid  843,  s),  rHisiHl  on  staltcB,  termed  tUngmata  at  iprr- 
matoplurrrt  (Jign.  842,  ip,  and  843,  ip).  The  form  of  the  ipera*- 
tophorcs  varioH  much  ;  according  to  Henfrey,  '  The  sinpht 
are  short  alender  Btalks,  simple  or  branched ;  or  ihajr  in 
articulated  branches  composed  of  a,  ne^t  number  of  c^liiidiad 
or  {{lobular  cells  (Jig.  843,  tp) ;  or  the  branches  are  Tedocedto 
two  or  throe  elongated  cells.  The  ^ennatia  are  teniiinil  <■ 
the  spcrmatophores,  and  consist  of  exceedinglj  minute  bodio, 
ordinarily  linear,  very  thin,  short  or  longish,  straight  oi  cnrvgd, 
without  ajipendi^es,  and  motioiilesfi,  and  lie  in  a  muciligti' 


extreme  tmnsparcncy.  The  spermatia  are  coniui'mly  iwirid 
an  the  analogues  of  the  spcrmatiiwiidB  produced  in  the  aatherito 
of  the  higher  Crjj>toganifl.'  When  the  spermogonium  is  mstuK, 
the  Bperniatia  {jiy.  842,  «),  are  discharged  through  the  ptntur 
uatiolc,  ofi,  in  vast  numbora  (/17.  842). 

LiclieiiB  may  also  be  reproduced  in  a  vegetative  manna  ^ 
means  of  little  detached  portions  of  the  thalltis  known  as  cirFiKa 
These  are  regarded  by  th<iBe  who  maintain  the  compound  ntfiut 
of  Lichens  an  consisting  of  some  of  the  Algte,  thraui[h  which  tlie 
Lichen  derives  ita  nutrition,  connected  and  intemiinf^ed  withi 
weft  of  tine  fungal  hyphee.  Such  a  soredium  when  placed  under 
favourable  conditious  ia  cav"'bi«  of  (pnwing  into  a  Lichen  of  Ibe 
Mwe  nature  as  that  ftoTO"«'Vv\t\i\t«S«rCTBA.\\*«t\(Eeti. 
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SL  Ohakackx  ok  Chabah.  —B;  some  botanistH  tite  Chanta  are 
hmoi  uuong  the  Algte,  but  a*  they  present  in  their  stnictiire 
JOd  mode  of  leproduction  many  points  of  diffen-niw  from  the 
trttir,  welwTeplMwdtheni  in  a  Bepatate  group  immediately  pre- 


Mibgtbi 


ie  ittprodiictive  organa  are  of  two  kinds,  both  of  whichgrow 

lltta  baee  of  the  branchei,  and  either  on  the  «uue  or  on  dif- 

innt  twaoche*  of  the  Bame  plant,  or  on  diffurunt  pliintti.     Theiie 

9lfm  are  called  reaiioctivel/,  gMiidft  and  wicidet. 

Tit)  flobuU  {fit}.  M4,  a),  which  ii  regarded  aa  an  autlieridiuiu, 


. _.     ,_  ...Lhuid  A.trlobulv, 

■ma  Ul  an  «MlJ  •««•  of  ■■ — ' - 

KodBl  ecu  ot  leu.     «.  UdIuei  «u  tmivni  ie 
and  biiBl  noda  of  globiik.    J.  0»lt]f  of  in 

rDOdeiif  ]«f.    »r.  Otlliof  laarcurenlwtlh 

aoctBs.    AfterSKh*. fV<  M*.  A  portion 

B(  ■  aikiuBt.  jl(.  of  Af- H*.  *"' 

Id  nr  anilurt,ial4  bj  lU  4<ta — 
A  f  LobiilB  cut  In  \itAt.  to  ahiiw  th 


ft  globular  body,  usually  placed  iinmodiately  below,  but  occa- 
oniSlf  on  the  side  of  the  nucule.    Of  a  green  colour  whilst  young, 

torna  to  a  deep  brick-red  as  it  bccunies  !n;iturH.  It  couaists 
:  aisht  Talvea,  or,  as  they  hare  been  termed,  ihieUl-aUt,  each 
:  mioh  is  a  flattened  triangular  or  quadrangular  cell,  curved  so 
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irith  the  adjoining  Bhield-eells.  From  the  oentn  fS  bm 
an  oblong  cell  (Jig.  846,  c),  the  manubrium,  ia  giv«ti  offi 
pendioular  dit«ction.  The  eight  c«Us  from  the  eigU 
converge  in  the  centre  of  the  glohiile.  A  ninth  oell  of  i 
form,  but  larser  than  the  athen,  also  penetrates  i 
centre  of  the  globiile  betveen  the  four  lower  ihield-ed 
is  the  stalk  which  fixes  the  globule  to  the  btsnoh  npo 
it  i«  placed.  At  the  central  end  of  each  mannbriamiaai 
cell,  which  aiipporfa  in  turn  four  other  smalter  ccIIb,  h 
each  of  theae  Utter  four  confervoid  filaments  are  giTen 
84C,  fit),  in  each  cell  of  which  is  produced  a  lingle  spii 
iitnloioid  or  anthfrii^iid  {fg.  845),  which  is  fumishod  i 
very  loi^;  ciliie  of  excMsive  finenem.  Theee  spermatoi 
tiniatel^  escape  fr^nt  the  cell  by  a  nudden  movement  na 
the  action  of  a  Ipring,  and  may  then  be  leen  to  ezhitu 
niovetncnta  in  water. 
Fill.  847.  Flo.  848.  The  nvcnU  is  ragarded  la 

lidinm  or  orchegonium.  Itii 
oesaile  body,  situated  in  tlie  i 
branch  ;  it  consiata  of  a  cent 
(Mntaining  protoplasm,  oil, an 
granulea  {Jig.  848),  and  aur 
by  five  oella,  which  are  wound 
lonnd  it,  and  tenninatinx  s 
five  or  t«n  smaller  cells,  uie 
which  remain  free  {fig.  847, 
'"'Aptei  o^'"ih'].''  f^lT2^''':m'i  *'"'S  f "™  »  '=»«'*  of  crown  at  I 
niia. — fill.  MR.  Vniirqj ««.  of  the  Hucule  (Jv/i.  844.  A,  c, » 
tioo  cil  ■  imaniQ.  _4t  an  early  stage  of  growth  ( 

are  separated  from  each  oth« 
canal  is  thus  left  between  them  extending  from  thi 
towards  the  centml  cell.  Tliis  canal  is  supposed  to 
ItasHage,  by  means  of  which  the  antherozoids  reach  thf 
cell  of  the  nuenle,  by  which  it  is  fertilised.  Ultima! 
nnmile  drops  off,  an<l  when  it  gemiinntes  first  prodnces 
Hxial  row  of  cells,  forming  a  proembiyo,  from  which  t 
bearing  sexual  plant  uttiniately  grows. 

4.  Alom  or  Sbaweeiw. — This  order  of  plants,  like  Um 
compriBea  a  very  large  number  of  species,  which  vary 
inq;ly  in  form,  size,  colour,  and  other  peculiarities.  1 
all  either  inhabitants  of  water,  salt  or  fresh,  or  live  o 
surfaces  ;  and  may  be  microscopic  plants,  or  growths  of  & 
ehe.  Adopting  no  special  classification  of  the  Algie, 
simply  describe  tlio  pmcesses  of  reproduction  occurring  ii 
examples  as  types  of  the  real. 

Ni>»f<K,  a  very  common  Alga,  is  found  living  somel 
water,  though  more  frec|Uently  on  the  damp  surfHoea  < 
stones,  &c.  It  consists  of  a  jelly-like  aubstance,  in  w1 
imbedded  monilif  orm  t^vraa&H  (A  ciA\«  (^q.  %AK^,  ^nb  QoSba 
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Fig.  849.   Filanj<»nt«  from    r    Sottoc  colony. 
After  Lubn«flpn. 


ments  being  interwoven  with  one  another.     The  greater  number 

of  the  constituent  cells  contain  chlorophyll ;  but  usually  there 

■•  iIbo  placed  at  definite 

distanoesfrom  one  another  Fio.  849. 

Imr    colourless    cells, 

viddi  are  not,  like  the 

sdien,  capable  of  d ivision , 

nd  ire  ordinarily  known 

the  hdtroeynts  {fig.  849). 

Bjmesns  of  the  growth 

ndiabseqnent  division  of 

tk  imaller  cells,  the  No*- 

toe  oolony    may  become 

incnssed  in  size,  and  new 

eokmies   also  at  certain 

timei  become  formed   in 

tlie    following    manner. 

%  means  of  the  imbibition  of  water  the  jelly  of  the  old 

oolony  swells  up  and  allows  the  Xodttc  filaments  <ir  rowH  <.»f 

cells  to  become  free.     Each  cell  subsequently  grows  rapidly  in 

ft  tnosverse  direction  till  the  appearance  is  prcBented  by  each 

fliment  of  a  number  of  disc-like  bodies  placed  Hide  by  side.    Cell 

dhriaon  next  takes  place  in  a  direction  j)arillel  to  the  axis  of 

tile  filament,  so  that  a  number  of  septate  thread-like  iKidics 

ve  produced,   which,  joining  by  their  ends,   grow  so  as  to 

ultimately  produce  a  new  Noitoc  colony.     At  the  same  time  the 

liefeerocyBtB  are  developed  from  cells  which  proviounly  differed  in 

Ho  apparent  respect  from  the  rest,  and  the  jelly-like  envelope 

of  the  oolony  becomes  also  gradually  formed. 

Mroffyra,  our  next  example  of  this  ordei*  of  plants,  is  one  in 
vbicn  the  process  of  reproduction  known  as  cnnjui^ation  very 
commonly  takes  place.     Spirogifra  is  an  Alga  which  may  be 
fomd  in  great  quantities  in  most  ponds  towards  the  end  of 
lammer,  and  is  one  of  the  prettiest  objects  which  can  he  ex- 
amined under  the  microscope.     Seen  with  the  naked  oye,  it  con- 
nsfcs  of  a  mass  of  hmg,  very  slender  gi'oen  threads  or  filaments, 
vhich  float  in  the  water  where  they  are  growing.     Examine<l 
with  the  microscope,  each  filament  is  seen  to  be  more  or  less 
cylindrical,  and  composed  of  a  gn^at  number  of  similar  cells 
placed  end  to  end  (^%.  850).     The  chloroi)hyll  is  arranged  in  the 
parietal  layer  of  protoplasm  of  the  cell  in  a  definite  sj)ira1 
manner ;   the  name  of  some  of  the  species  beinj^  dct^nnine<l  by 
the  number  of  such  spirals  in  a  single  cell.     E^icli  cell  is  capable 
of  growth  and  division,  and  by  this  moans  the  bulk  of  the  entire 
plant  is  increased. 

When  conjugation  is  ab<mt  to  take  place,  two  filaments  ap- 
proach each  other,  and  from  the  si<los  of  contij^ious  cells  {fi>j.  850, 
a,  6,  c),  protrusions  of  the  wall  occur  which  muet  in  the  centre. 
The  wmlla  then  intervening  between  the  cavities  of  the  two  w>tv\m- 
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}(&ting  cella  next  becomes  ftbiorbed  (fig.  851,  t),  and  the  jn- 
toplasni  of  one  call  teporates  itself  from  iU  cell-wftll,  uj 
gnduallf  travels  into  the  other  cell,  wher«  it  become*  intimatii^ 
immd  with  the  protoplasm,  a,  existing  there.  The  whole  mM 
then  becomes  of  a  somewhat  oval  shape,  surroiiDda  itself  tH 
a  cell-waU,  b,  and  in  fact  constitute*  what  i>  called  a  t^joifm. 
Later  on  its  colour  changi>s  from  green  to  that  of  a  d«qi  n^ 


MU-mia  at  tit 

<.   AfterBuotaa. nv.tUl.  a 

Its  iif  Spirv^ra  ooojv 

'—  0(    IJUWpMC. 

,    -.„.,..    .mn*  t,  wnl  irtil 

dnqn  o[  oil.    After  Sacb*. 

und  after  remaining  doniiant  during  the  winter  the  lygotpcn 
germinates  at  thu  beginning  of  spring,  and  so  gives  rise  to  an*> 
•Spini'jyra  plant. 

Vaiu-tieria,  which  we  will  now  consider,  exhibits  tiw 
sexual  reproduction,  in  addition  to  the  formation  of  ueiail 
epores.  An  irreguliu- kind  of  alternation  of  genera tioos  existsii 
tliis  genus,  inasmuch  as  asexual  spores  are  usually  pmducedb; 
a  certain  number  of  successive  genecations,  the  sexual  proces 
only  taking  in  generations  separated  bj  a  considerable  intern 
from  uno  another.  At  the  saiiku  time  it  must  be  noticed  thi 
asexual  spores  maj  be  formed  in  the  same  plant  as  that  in  whiti 
sexual  reproduction  takes  place. 

VuiKlicria  may  bo  found  growing  either  in  water  or  on  mcHi 
surfaces.  Its  thallus  consists  of  one  ver;r  elongated  and  great! 
branched  cell,  attached  to  soma  fixed  object  by  meana  of  a  poi 
tioa  of  ita  thalluB,  n^kich  u  iaad\  '^t*.TO^«&.  «a4.  \«ri»aUj  (noj 
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■ent  {fy,  852,  d,  tr).  Tlio  otlier,  or  mm-transparent  portion 
i  the  cell  contains  protoplasm,  chlorophyll  graiiiA,  an«l  fre- 
pntly  niimbera  of  small  oil  globules*  Tlie  asexual  sjxires 
ptfoniied  in  various  ways  in  the  different  speoicM,  the  more 
Bommon  method  being  that  in  which  a  small  branch  l>ec(»mes 
■pnied  from  the  parent  cell  by  division,  tlio  protoplasm  thus 
Wt  off  secreting  a  cell-wall  round  itself,  and  thun  forming 
t^ore,  which  ultimately  germinating  gives  rise  to  a  new  Van- 
ckna  thalluB. 

Zfiotporti  or  ZiMig<»Hullo  are  also  not  unfre<|uently  fonued 
aiibUowi  : — ^The  contents  of  the  branch,  which  has  swollen  into 
•  ^loniigium,  contract,  and  escai»e  as  a  primordial  cell,  or  one 
vittmita  cell- wall,  from  a  fissure  at  the  apex  {fig.  859,  a,  sp). 

FiiJ.  8.V2. 


/V*  S^*  A.  »p.  Newly  fo^n^d  xnnf.porp  or  zoogonidiuni  nf  Vnui-hrrin  »f  tail  it 
McapinfT.  B.  ZotMpnre  at  ivdt  attvr  bariiiK  l<Mt  itrt  cilia,  r.  First  <4tiiL'o  nt 
fermliution.  u.  Filnmeut  uf  Vavck^ria  uttilU  pr<<(Inrii))r  ci^roiii:!.  ixy,  v_j. 
and  aattwrkUnni.  h,  tr.  Ilynlino  rootlikL'  i)roceft4,  fornilnt;  '^  >*^f^  "^ 
mycelium.    »q.  Zi^Mporr.    After  Suf<lii«. 

his  primordial  cell  is  dennely  covered  by  .short  cilia,  and  in 
rmed  a  zoospore  or  zooyo nidi  urn,  which  at  tirst  rapi<lly  nitates  ; 
it  it  soon  comes  to  rest,  when  thd  cilia  disappear,  and  a 
llnlose  wall  is  produced  (fi'j.  852,  b).  This  sin^re  then  ger- 
inates  by  pntting  out  one  (./if/.  8,52,  r)  or  two  tubes,  or  it  forms 
I  the  other  side,  at  the  same  time,  a  branched  root-like  organ 
ig.  852,  D,  w). 

When  sexual  repn>duction  takes  place,  short  bnmches  of 
a  thallua  or  filament,  which  are  in  close  proximity  t^»  ctich 
her,  become  transformed  into  tinfheridin,  /i,  and  innjonut^  otjy 
(jig.  852,  d).  The  branch  which  is  to  form  the  antheridium 
longer  than  the  other  which  forms  the  oogonium,  and  gener- 
ly  becomes  more  or  less  cur\'ed,  and  a  division  is  made  about 
ilfway  from  its  base.  The  protoplasm  in  the  upper  part 
loomes  differentiated  into  antherozoids,  which  by  means  of  the 
irsting  of  the  antheridium  become  free  at  the  same  time  as 
B  rapture  of  the  oogonium  tnkea  place. 

Tbe  ooffoma  (Jg.  852,  D,  og,   og),  of  which  thenre  Mft  1t^- 

c  c 
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quently  two  near  to  each  other,  are  Homewlut  ovmd  ;  thvji 
from  the  a&theridift  in  containing  a  good  dekl  of  cfaloro^ 
and  ara  separated  from  the  cavity  of  the  thalliu  by  a  Mp 
Hituated  at  their  base.  The  green  and  gnnaltr  coat 
finally  ctillect  in  the  centre  of  the  oogonium  and  colouHeM ; 
tuplasm  is  to  be  seen  at  ita  end  ;  the  cell-wall  then  opens  at 
point,  and  the  contentn  at  the  same  time  retract  fram  the* 
wall  and  what  is  termed  the  ootphtn  is  formed.  The  anthsridi 
opens  at  the  same  time  as  the  oog'inium,  and  the  aQtbam 
escape,  reach  the  oosphere,  mix  with  it,  and  then  diM|ip( 
and  the  ooaphere  is  tnuiaformed  into  an  ooapore.  Tha  <kb 
thus  formed  acquires  a  distinct  cell-wall  of  its  own,  iM 
coliiur  al»o  changes  to  a  reddish  hue.  By  the  germination  vtt 
oospore,  a  new  Kaiic'teria  thallus  may  be  formed. 


Fig.  wa.  Vet«( 


FiKiie.— This  gemis  includes  numerous  speciea,  which  f 
the  varioua  plants  commonly  known  as  Seaweeds.  The  Ik 
(/ff.  5)  is  usually  long,  very  much  branched,  and  of  a  gret 
brown  colour.  In  structure,  it  is  made  up  at  tlie  surface  old' 
packed  sraall  cells,  but  towards  the  interior  the  celts  are  i 
elongated,  and  joined  end  to  end,  bo  as  to  form  filanienta  a 
are  interwoven  amongst  one  anuther  {j!^.  863).  The  wal 
the  constituent  cells  are  peculiar  in  cnndLsting  of  two  part 
inner  finn  layer,  and  an  outer  one  which  is  generally  moi 
less  swollen  by  imbibition  of  water. 

Reproduction  is  effected  by  a  sexual  process,  whidi  t 
place  in  the  following  way : — Numerous  little  cavities,  ki 
as  etMicrptacles,  appoar  aunk  vtittiewtttfuoe  of  large  awollen  t 
iaelei  SJiq.  B,  (,  t),  on  the  en^  cS  ftve  Xtm^ox  V^t&^nwA 
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IW  Fnras,  Mid  in  these  are  cnntained  the  aiithfritliii  rir  nognnui, 
m  botli  ai  thene  orguu,  together  with  abortive  filainenta  ur 
f*nij«h[fa>j.  Snmeipeciea,  an  Fncu  jJnttjfariniA,  axe  nxrmiKKXoya, 
La  contain  both  uitheridiannd  oogciniamtheaaiiieciinceiitAcle  ; 
lot  in  others,  a«  ^iiciu  Tfifidomia,  either  only  nnthcridia  nr 
Mfoma  conceptades  are  produced  in  the  saiue  plant  ;  such 
IpriM  therefore  are  ditecioiia. 

Tiking  FncHs  Trsifulwum  ai  An  example  of  the  diiifcirtiis 
ipdM,  on  making  a  sectiun  thmugh  a  feiitnle  ciinceiitacle,  its 
witj  ii  found  tn  be  iif  a  more  ur  leu  spherical  fnrm,  nnd 
■riud  off  from  the  loose  tissue  of  the  interior  of  the  thalliiB 
Ifs  thin  layer  of  demwr  tissue  reaeTDblinK,  ami  in  fact  being  a 
mtinaation  of,  that  of  tlie  surface,  which  may  be  called  the 
mknuil  laiftr  (gt).  853).  SprinjfinK  fn>m  all  parts  (if  the  wall 
<*  the  conceptacle  are  slunder  juinted  filaments,  tlie  pamphiitfi. 
Amongst  these  paraphjses  are  the  oo^onur,  which  sru  produced 
ffoa  certain  cells  of  the  lining,  ur  epidcmial  layer  of  (ells. 


The  aiUhtriilia  in  the  nionii^cimiR  Hpccice,a!i  Fneut/ili'lifHriiitii, 
ire  developed  in  the  same  conceptacle  as  the  iHnjimiii  ;  and  in 
licecioiu  Bjwcien  in  separate  conccptnfle?!,  then  termed  ninhaiH- 
uplMUs.  These  oTitheri-lui  (.A'fi.  H.>4)  nre  soiiewhat  elliptical 
Mdies,  a,  a,  formed  on  branchoil  hnir-ljke  cells.  When  niaturo 
he  antheridium  beoonies  a  bright  ri^il  colour  and  containfl  a 
lumber  (if  small  antheroznids  (jifi.  Initi),  each  of  which  is  fnr- 
liahed  with  a  pair  ot  cilia. 

The  oogonia  are  gloliular  bodies  linme  upon  a  short  nno- 
»lled  MtuJk,  in  which  an-  prtiiinci'ti  ciffht  oospheres  fcy  mcMUi  (A 
ba  dirikiaa   of  the  eoniaineil  jtrotoplagni  (Jtg.  865).      TViese, 


S83      RGPKODtJCIITIl  0B6ANS  OF  ALGA. (EDOQOMIIFl 

which  are  at  first  angular,  become  rotmdod  off,  and  m 
iuat«1y  Bet  free  by  the  bursting  of  the  oooonium  mm 
The  antherozuids,  whicii  eacape  almost  ■imtutaneonsly  w 
ouapheres,  gather  round  the  latter  aiid  appear  to  bectwie 
blended  with  their  aubstance  (Jig.  S56).  The  ooiptf' 
funned  secretes  around  itself  a  cell-wall  and  very  aoon  b* 
germinate.  Growth  and  division  proceed,  and  so  a  new 
thallus  is  built  up. 

(Bdogoaium.   —   Tlie  Fm.8S7. 

tliallUH  of  (Edogmii»m 
consists  of  a  long,  un- 
brancbed  row  of  cells ; 
and  each  cell  is  nucleat- 
ed, and  contains  chloro- 
phyll granules  imbedded 
in  the  parietal  protoplas- 
mic lajer.  Reproduction 
is  effected  either  asexual- 
ly  by  means  of  aiofpont ; 
or  in  a  sexual  manner  by 
u  lit  Iter  iili'i  and  oogimia. 
The  former  are  prodnced 
by  means  of  the  bursting 
of  a  cell  and  the  conse- 
i|tieiit  escape  of  the  cell 
contents  in  the  form  of 
an  OTate  mass  with  a  tuft 
of  tine  cilia  at  the  more 
pointed  extremity. 

In  the  latter  case  the 
/inflienxsiiUU  are  tumied 
in  special  cells,  and  either 
on  the  same  tilament  aa 
the  iioijiniia  (fig.  857,  *, 
n,  oj) ;  which  is  then 
teniied  a  mxtuil  filament ; 
or  ()n  another  filament 
{fin.  857,  c,  2,  z),  then 
called  a  rnu^r  jU^ment. 
The  antherozoids  resem- 
ble the  zoospores  or  zoo* 
gonidia,  but  are  smaller. 
The  vogoniii  (fig.  867,  A, 
og,  og)  are  oval  bodies 
containing  a  great  deal 
of  chlorophyll,  and  are 
formed  by  the  enlarge- 
ment of  any  of  the  indmdxial  caUa  of  the  fiUment.  Tt 
tained  protoplaamic  maa*,  ot  oovpWrt,\nK3^MW<ciaMA 
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iiBrent  ways.  Either  the  oosphere  is  directly  fertiliBed  by 
nnUct  with  the  antherozoidB  above  deHcribed  (Jig,  857,  i-,  «,  z) ; 
»  by  means  of  an  antherozoid  protluced  fn»ni  a  peculiar  form 
of  iwirm-Bpore  known  as  an  mulro»p(rre  {fi{h  857 ?  a,  n).  The 
ndrotpore,  which  is  produced  from  cells  resembling  those  of 
tte  snueridia.  bectimes  attached  to  the  rMigonium,  forming  what 
B  known  as  a  dwarf  male  plant  (fiij.  857,  a,  m,  m),  and  sub- 
Nqnently  discharges  its  protoplasm  in  the  form  of  an  anther- 
oirad,  by  which  the  oosphere  may  be  fertilised,  and  become 
tanformed  into  an  oospi^re. 

la  either  case  the  oospore  after  a  short  period  of  rest  gives 
onto  four  swarm-spores  (Juj.  857,  n),  each  (»f  which  {fig.  857, 
i)  nbsequently  grows  int4)  a  swann-B[>ore-pr<Mlucing  plant,  so 
uMt  in  iJEdogouium  Tie  have  another  example  of  alternation  of 
pDentions,  similar  to  that  which  occurs  in  Vawheria  (i»age 
384),  viz.,  one  in  which  a  neries  of  generations  consists  of  the 
■wm-Bpore-producing  plant,  whilst  at  more  or  less  regular  in- 
tffvak  a  sexual  generation  takes  place.  It  should  be  noted 
Werer  that  zoospores  may  be  also  [iroduceil  in  the  same  indi- 
vidual plant  as  that  in  which  the  sexual  process  takes  place. 


BOOK  II. 

SYSTEMATIC  BOTAXY,  OR  TBE  CLASSIFICATIOK 

OF  PLAXTS, 


CHAPTER  1. 

GENERAL    PRINCIPLES   OF  CLASSIFICATION. 

Our  attention  has  been  hitherto  directed  to  the  examination  d 
tlie  structure  of  the  various  organs  and  parta  of  plants,  b 
doing  so,  we  cannot  but  have  noticed  the  almost  infinite  varietiei 
of  forms  which  have  thus  been  presented  to  us,  and  also  at  the 
same  time  observed  that,  notwithstanding  such  variations,  then 
are  some  striking  resemblances  in  the  structure  of  the  organtof 
certain  plants,  by  which  a  close  relationship  is  thus  clearly  indi- 
cated between  them.  It  is  the  object  of  Systematic  Botany  to 
take  notice  of  such  relationships,  and  thus  to  bring  plants  to- 
gether which  are  allied  in  their  structure,  and  to  separate  thoie 
that  are  unliko  ;  and  in  this  way  to  take  a  comprehensive  view 
of  the  whole  Vegetable  Kingdom.  In  its  extended  sense,  Sji- 
tematic  Botany  has  for  its  object  the  naming,  describing,  and 
arranging  of  plants  in  such  a  manner,  that  we  may  readily 
ascertain  their  names,  and  at  the  same  time  get  an  insight  into 
their  affinities  and  general  properties. 

At  the  present  time  there  are  at  least  120,000  species  of 
plants  known  to  exist  on  the  earth.  It  is  absolutely  ueceaaaiy 
therefore,  for  the  purpose  of  study,  or  in  order  to  obtain  sny 
satisfactory  knowledge  of  such  a  vast  number  of  individuals,  that 
we  should  arrange  them  according  to  some  definite  and  fixed 
rules  ;  but  before  we  proceed  to  describe  the  systems  that  haw 
been  doused  at  various  times  for  their  arrangement,  it  will  be 
necessary  to  define  certain  terms  which  are  in  common  use  in 
such  systems. 

1.  Species. — By  the  term  species  we  understand  a  coUectioD 

of  individuals  wliich  resemble  each  other  more  nearly  than  they 

resemble  any  other  plants,  and  which  can  be  reproduced  by 

Bved  ;  BO  that  we  may  from  aii«\o\g;j  SxAst  >i?Ck&\.  V^v3\a:^^^bMin 
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riginally  from  one  common  stock.  Thus,  if  we  walk 
d  of  Beans,  Peas,  or  Clover,  we  observe  thousands  of 
Is,  which,  although  differing  to  a  certain  extent  in  size, 
se  other  unimportant  characters,  we  at  once  associate 
mder  a  common  name.  In  like  manner  we  commonly 
round  us,  in  the  gardens  and  fieldM,  similar  collections 
uals.  Such  collections  of  plants,  thus  seen  to  resemble 
r  in  all  their  important  parts,  constitute  our  first  idea 
as ;  and  that  idea  is  at  once  confirmed  if,  by  taking  the 
xnch.  plants  and  sowing  them,  we  obtain  other  plants 
g  those  from  which  such  seeds  have  been  derived, 
re,  however,  under  special  conditions,  liable  to  varia- 

I  we  have  then  formed  what  are  termed  varieties  and 

rieHes. — It  has  just  been  observed,  that  if  the  seed  of  a 
sown,  it  will  produce  a  plant  resembling  its  parent  in 
iportant  parts.  But  this  will  only  happen,  when  the 
idual  has  been  exposed  to  similar  innuences  of  soil, 
ty  moisture,  and  other  conditions,  as  its  parent ;  and 
find  that  any  variations  in  such  particulars  will  lead  to 
culiarities  in  form,  colour,  size,  and  other  minor  cha- 
i  plants  raised  from  the  seeds  of  the  same  species.  In 
ner  we  have  produced  what  are  termed  varieties.  In 
m  such  variations  are  merely  transient,  and  the  indi- 
letenting  such  peculiarities  will  in  time  return  to  their 
pacific  type,  or  perish  altogether ;  while  in  other  in- 
lay are  permanent  and  continue  throughout  the  life  of 
idual,  the  whole  plant  being,  as  it  were,  impregnated 
Miticular  variations  thus  impressed  upon  it,  and  hence 
itions  may  be  perpetuated  by  the  gardener  in  the  ope- 
;  Budding,  Grafting,  &c.  (see  page  102),  as  is  the  case 
Y  of  our  fruit  trees  and  flowers.  But  even  these  vaiie- 
ot  be  propagated  by  seed  ;  for  if  their  seeds  be  sown, 
4uals  which  will  be  produced  will  have  a  tendency  to 
the  original  species  from  which  such  varieties  have 
ined,  so  that  the  nature  of  the  plant  raised  will  de- 
»n  the  chaiucter  of  the  soil  in  which  it  is  placed,  and 
r  conditions  to  which  it  is  exposed.     Thus,  if  we  sow  i 

of  a  number  of  difierent  varieties  of  Apples,  the  fruit  I 

II  be  afterwards  produced  by  the  new  generation  of 
aas  will,  instead  of  resembling  that  of  their  parents, 
endency  to  revert  to  tliat  of  the  common  Crab,  from 
ades  all  such  varieties  have  been  originally  derived, 
variety  differs  essentially  from  a  species  in  the  fact  that 
ba  propagated  by  seed. 
xes. — ^Besides  the  varieties  just  alluded  to  there  are  Ij 
rhich  are  called  permanent  torietks  or  races^  because  |,j 
oliarities  can  be  transmitted  by  seed.  Familiar  ex-  h;, 
f  Bach  races  are  afforded  by  our  Cereal  grains,  aa  WVm^\i^      ^^^       v 
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Oats,  and  Barley ;  and  also  by  our  culinaiy  vegetables,  as  Pen, 
Lettuce,  Radishes,  Cabbages,  Caulittowers,  and  Broccoli.  Hov 
such  races  of  plants  have  originated,  it  is  inipoBsible  to  itay  with 
any  certainty.  In  the  first  case  they  probably  arose  in  an  a^ 
ci(iental  manner,  for  it  is  found  that  plants  under  cultiratiao 
are  liable  to  produce  certain  variations  or  abnormal  deviatHM 
from  their  specific  type,  or  to  sporty  att  it  is  termed.  By  fuitiur 
cultivation  under  the  care  of  the  gardener,  such  variatioiu  m 
after  a  time  rendered  permanent,  and  can  be  propagated  b}'ieei 
These  so-called  x)ermaneiit  varieties,  however,  if  left  to  thai- 
selves,  or  if  sown  in  p<»or  soil,  will  soon  lose  their  peculiaritiei, 
and  either  perish,  or  return  to  their  original  specific  type ;  it  will 
be  seen,  therefore,  that  races  present  frell-marked  chaneten 
by  which  they  arc  distinguished  from  true  species.  Henoe, 
}ilth<»ugh  our  cereal  grains  and  culinary  vegetables  have  beoome 
permanent  varieties  by  ages  of  cultivation  and  by  the  skill  of 
the  cultivator,  they  can  only  be  made  to  continue  in  that  itato 
bv  a  resort  to  the  same  means,  for  if  left  to  themselves  tlief 
would,  as  just  observed,  either  perish  or  revert  to  their  origiiuu 
specific  ty|ie  ;  and  hence  we  see  alst).  how  important  is  the  u- 
sist^ance  of  the  agriculturist  and  gardener  in  perpetuating  ind 
improving  such  variations. 

Another  cause,  which  leads  to  constant  variati(»ns  fntm  the 
specific  type,  is  lufhridi^ifion.  The  varieties  thus  formed, 
which  are  called  hifhr'nU  or  croM-hreeds^  are,  however,  rsrdy 
tmnsmitted  by  seed — although,  in  some  instances,  such  is  the 
case  for  a  few  generations  — but  they  gradually  revert  to  one  or 
the  other  parent  stock.     (See  HyWidimtion.) 

We  have  now  seen  that  s[>ecies,  under  certain  circnmstancei, 
are  liable  to  variations,  but  that  all  such  varieties  have  a  ten- 
dency to  revert  to  their  original  specific  type.  Hence  speciei 
must  be  considered  as  permanent  productions  of  Nature,  which 
are  cajiable  of  varying  within  certain  limits,  but  in  no  caiM 
capable  of  being  altered  so  as  to  assume  the  charactera  of 
another  species.*  There  is  not  the  slightest  foundation  for  the 
tlieory,  which  has  been  advocated  by  some  naturalif^ts,  of  a 
transnuitation  of  species.  All  such  statement?*,  therefore,  that 
have  been  made,  of  the  conversion  of  Oats  into  Rye,  or  i>f 
any  species  whatever  into  another,  are  entirely  without  founda- 
tion, and  have  arisen  from  imperfect  observation. 

*  Thf*  nliovo  views  as  to  the  nature  of  jipecieA  and  varictieii  are  \hoft 
wlii<  h,  until  the  lnt«t  i\v,'  ye.'irs,  have  bwn  ahnost  universally  entertained 
liy  naturali.st.«,  but  they  aro  opposed  to  those  now  more  f^enernlly  adopted, 
nnd  which  have  been  fully  and  most  ably  developed  in  DarwinVwork  'Uo 
iheOrijiiii  of  Spt'i-i<'S.' and  in  other  volumes  by  the  9ame  >:reat  ohwrrer. 
This  author  i'ontends  that  specie-s  so  far  from  bein^  immutable,  are  liable 
to  chani^o  <if  a]ni««t  any  extent — in  fact,  that  plants,  by  the  operation rf 
ruuises  acting  over  a  Inng  perio<l  of  time,  may  become  so  altered,  that  tbey 
yrof-en-^  i^carcely  any  apparent  resemblance  to  those  from  which  they  w«t 
origiaallv  derived. 
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B  it  is  very  important  that  we  should  distin/i^ish 
A  true  species,  for  nothing  is  so  calculated  to 
mum  in  Descriptive  Botany  as  the  raising  of  mere 
e  condition  of  species.  No  individuals  should  be 
oooslitntiiiga  species  unless  they  exhibit  important 
it  distinctive  characters  in  a  wild  Htate,  and  which 
Hated  by  seed.  Great  uncertainty  still  prevails  in 
ic  works  as  to  what  is  a  species  and  what  is  a 
hence  we  find  different  authors,  who  have  written 
I  other  plants,  estimate  the  number  of  species  con- 
h  genera  as  Bom,  RiiffUSy  Snxifraga,  Hierdcium, 
,  and  others,  very  differently. 
L — The  most  superficial  observer  of  plants  will 
that  certain  species  are  more  nearly  allied  to  each 
other  species.  Thus,  the  different  kinds  of  Roses, 
Aths,  TiVillows,  may  be  cited  as  familiar  examples 
ablages  of  species  ;  for,  although  the  plants  com- 
ider  these  names  present  certain  well-marked  dis- 
oters,  yet  there  are  at  the  same  time  also  striking 
between  them.     Such  assembhiges  of  spi^cies  are 

A  aenvg,  therefore,  is  a  collection  of  spedes 
lie  each  other  in  general  structure  and  appearance 
ey  resemble  any  other  species.  Thus,  the  various 
ibles  constitute  one  genus,  the  Roses  another,  the 
ths,  Clovers,  and  Oaks  form  also,  in  like  manner, 
rent  genera.  The  characters  of  a  genus  are  taken 
nn  the  organs  of  reproduction,  while  those  of  a 
^rived  gejterally  from  all  parts  of  the  plant  ;  hence 
ined  as  a  collection  of  species  which  resemble  each 
tructure  and  general  characters  of  their  organs  of 

It  is  not  necessary,  however,  that  a  genus 
D  a  number  of  species,  for,  if  a  single  species  pre- 
ities  of  a  marked  kind,  it  may  of  itself  constitute  a 

itly  happens  that  two  or  more  s[)ecies  of  a  genus 
triking  resemblance  to  each  other  in  certain  impor- 
rs  than  to  other  species  of  the  same  genus ;  in  which 
grouped  together  into  what  is  termed  a  aub-genHs. 
i, — If  we  regard  collections  of  genera  from  the 
f  view  as  we  have  just  done  those  of  species, — 
)  their  resemblance  or  family  likeness, — we  shall 
ne  of  them  also  resemble  each  other  more  than 
'  genera.  Thus,  Mustards,  Turnips,  Radishes,  and 
re  a  strong  common  resemblance,  while  they  are 
lerries  and  Brambles  ;  and  even  less  so  to  Hazels, 
eches ;  and  still  more  unlike  Larches,  Pines,  Firs, 
Proceeding  in  this  way  throughout  the  Vege- 
m,  we  collect  together  allied  genera,  and  form  . 

oape  of  a  higher  order  called  Orders  or  Naturdl      J 
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Orders  ;  hence,  while  genera  are  collections  of  related  species, 
orders  are  collections  of  allied  genera.  Thus  Mustards,  Turnips, 
Eadishes,  and  Cabbages,  all  belong  to  different  genera,  but 
they  all  agree  in  their  general  structure,  and  are  hence  included 
in  the  order  Oruciferae ;  while  Strawberries,  Brambles,  Oinque- 
foils,  Roses,  Apples,  Plums,  and  Almonds,  are  all  different 
genera,  but  from  the  general  resemblance  they  bear  to  each  other 
in  their  structure,  they  are  placed  in  one  order,  called  Rosacese. 
Again,  Oaks,  Beeches,  and  Hazels  are  different  genera,  but  they 
belong  to  one  order  ;  also  the  Larches,  Pines,  and  Cedars  are 
different  genera,  but  as  the  fruit  of  them  all  is  a  emu,  they  are 
grouped  together  in  one  order,  which  is  termed  the  Coniferae. 

We  find  also  that  certain  genera  of  an  order,  like  certain 
species  of  a  genus,  have  a  more  striking  resemblance  to  each 
other  than  to  other  genera  of  the  same  order ;  hence  such  are 
grouped  together  into  what  are  called  Sub-orders.  Thus  the 
Chicory,  Dandelion,  Sowthistle,  Lettuce,  Thistle,  Burdock,  and 
Chamomile,  all  belong  to  the  same  order,  but  there  is  a  greater 
resemblance  in  the  Chicory,  Dandelion,  Sowthistle,  and  Lettuce 
to  each  other  than  to  the  remaining  genera.  Hence,  while  all 
the  above  genera  belong  to  the  order  CompositaB,  they  are  at  the 
same  time  placed  in  two  different  sub-orders.  Thus,  one  sub- 
order, the  Liguliflorae,  includes  the  Chicory,  Dandelion,  Sow- 
thistle,  and  Lettuce  ;  and  the  other  sub-order,  the  Tubuliflorse, 
that  of  the  Thistle,  Burdock,  and  Chamomile.  In  like  manner, 
while  we  find  the  Almond,  Cherry,  Strawberry,  Easpberry,  Rose, 
Quince,  and  Apple,  all  belonging  to  the  same  order  Rosacete, 
some  of  them  have  more  resemblance  to  each  other  than  to 
others.  Thus,  the  Almond  and  Cherry  have  a  drupaceous  fruit, 
and  are  therefore  placed  in  a  distinct  sub-order,  which  is  called 
Amygdalese  ;  the  Strawberry,  Raspberry,  and  Rose,  are  much 
more  like  each  other  than  they  are  to  the  Almond  and  Cherry, 
or  to  the  Apple  and  Quince,  hence  they  are  put  in  a  sub- order 
called  Rosese  ;  while  the  Apple  and  Quince,  from  the  character 
of  their  fruit,  are  placed  in  a  sub-order  termed  Pomeae. 

It  is  also  found  convenient  at  times  to  subdivide  sub-orders 
into  Tribes  and  Sub-tribeSy  by  collecting  together  into  groups 
certain  very  nearly  allied  genera,  but  it  is  not  necessary  for  us 
to  illustrate  such  divisions  further,  as  the  principles  upon  which 
they  depend  have  been  now  sufficiently  treated  of. 

4.  Classes. — By  a  class  we  understand  a  group  of  orders  pos- 
sessing some  important  structural  characters  in  common.  Thus 
we  have  the  classes  Monocotyledones,  Dicotyledones,  and  Aco- 
tyledones,  which  possess  certain  distinctive  characters  in  their 
embryos,  from  which  they  derive  their  names  ;  as  well  as  other 
important  anatomical  differences. 

The  Classes  are  also  divided  into  Sub-classes  and  other 
divisions,  in  the  same  manner  as  the  orders  and  genera  are  thus 
subdivided ;  but  as  such  divisions  vary  in  different  systems,  and 
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are  all  more  or  lem  artificial,  it  is  not  necessary  for  us,  in  this 
place,  to  dwell  upon  them  further.  The  more  important  divi- 
sions of  plants,  and  those  which  are  found  in  all  systems  of  clas- 
sification, are  Classes,  Orders,  Genera,  and  Si)ecies. 

The  following  table  will  include  all  the  groups  we  have  al- 
luded to  ;  the  more  important  and  those  of  universal  use  being 
indicated  by  a  larger  type. 

1.  Classes. 

Sub-classes. 

2.  0kdeb8  or  Families. 
Sub-ordors. 
Tribes. 
Sub-tribes. 

3.  Genera. 

Sub -genera. 

4.  Species. 

Varieties. 

Races  or  Permanent  Varieties. 

Henslow  has  taken  as  an  illustration  of  these  different  divi- 
sions Antkyllis  Vuhieraria,  thus : — 


1.  Class  . 

Sub-class . 

2.  Order. 

Sub-order 
Tribe 
Sub-tribe . 

3.  Gehus  . 

Sub-genus 

4.  Species 

Variety     . 
Race 


DicotyUdmies. 
.     Calyciflorse, 

Le-tjuminosie. 
.     Fajyilionacest. 
.     Latese, 
.     Genvstea. 

Anthyllis. 

Vulneraria. 

Vulne^nria. 
.  l>Ul€HiL 
.     Florilnia  cocciiieia. 


Charactera. — By  the  tenu  character,  we  mean  a  list  of  all 
the  points  by  which  any  particular  variety,  species y  tmb-genus, 
genus,  sub-tribe,  tribe,  s^ib-order,  arder,  sub-datts,  or  cUi88,  is  dis- 
tin^ished  from  another.  We  have  also  two  kinds  of  characters, 
which  are  called  respectively  essential  and  natural.  By  an  essen- 
tial character,  we  understand  an  enumeration  of  tliose  points 
only  by  which  any  division  of  plants  may  be  distinguished  from 
others  of  the  same  nature  ;  such  may  be  also  called  diagnostic 
characters.  A  natural  character,  on  the  other  hand,  is  a  complete 
description  of  a  given  species,  genus,  order,  class,  &c.,  including 
an  account  of  every  organ  from  the  root  upwards,  through  the 
stem,  leaves,  flowers,  fruit,  and  seed.  Such  characters  are 
necessarily  of  great  length,  and  are  not  required  for  general 
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diagnosis,  although  of  great  value  when  a  complete  history  of  a 
plant  or  group  is  required.  Those  characters,  again,  which  refer 
to  a  species,  are  called  specific^  and  are  taken  generally  from  all 
the  organs  of  the  plant,  and  relate  chiefly  to  their  foi'My  shape, 
surface,  division,  colmir,  dimension,  and  duration ;  or,  in  other 
words,  to  characters  of  a  superficial  nature,  and  without  reference 
to  their  internal  structure.  The  characters  of  a'  genus  are  called 
generic,  and  are  taken  from  the  organs  of  reproduction.  The 
characters  of  an  order  are  termed  ordhuil,  and  are  derived  from 
the  general  structure  of  the  plants  in  such  groups,  more  especially 
of  the  organs  of  reproduction  :  while  the  characters  of  a  class,  as 
already  mentioned,  are  derived  from  certain  important  structural 
peculiarities  which  the  plants  of  such  divisions  exhibit.  The 
essential  character  of  a  genus,  when  indicated  in  Latin,  is  put 
in  the  nominative  case,  while  that  of  a  species  is  x^laced  in  the 
ablative. 

Nomenclature. — a.  Classes. — The  names  of  the  classes  are 
derived  from  some  important  and  permanent  characters  which 
they  possess,  relating  either  to  their  structure  or  mode  of  develop- 
ment. Such  names  vary,  however,  according  to  the  views  of 
dififerent  systematic  botanists.  Those  more  commonly  used  in 
this  country,  and  which  have  been  accordingly  adopted  in  this 
work,  are,  Acotyledones,  Monocotyledones,  and  Dicotyledones, 
— terms  which,  as  we  have  already  explained,  are  derived  from 
the  structure  of  the  embryo  in  the  three  classes  re8i)ectively. 
Other  terms  also  in  common  use  are  derived  from  the  absence 
or  presence  of  a  stem,  and  its  mode  of  development :  such  are 
Exogens,  Endogens,  Acrogens  or  Cormophytes,  and  Thallogens 
or  Thallophytes.  The  above  names  are  used  especially  in  what 
are  called  Natural  Systems  of  Classification  ;  while  the  names 
of  Classes  in  the  Artificial  System  of  Linnajus  are  derived  chiefly 
from  the  number  and  other  characters  presented  by  the  stamens. 

b.  Orders. — The  names  of  the  Orders  in  the  Artificial  System 
of  Linnieus  are  chiefly  derived  from  the  pistil  and  fruit.  Those 
of  Natural  Systems  are  usually  taken  from  some  well-known 
genus  which  is  included  in  any  particular  order,  and  which  may 
be  regarded  as  the  type  of  that  order.  Thus,  the  genus  Ranun- 
culits  gives  the  name  RanunculaceaR  to  the  order  to  which  it 
belongs  ;  the  genera  Papaver,  Malva,  Hypericum,  Geranium, 
Rosa,  Lilium,  Orchis,  and  Iris,  in  like  manner,  give  names  re- 
spectively to  the  orders  Papaveracex,  Malvacem,  Hypericaceee, 
Gerania^iesR,  Rosacex,  Liliace^e,  Orchtdacex,  and  Iridaceat.  At 
other  times,  the  names  of  the  orders  are  derived  from  some  cha- 
racteristic feature  which  the  plants  included  in  them  present. 
Thus,  the  order  Crticiferss  is  so  named,  because  its  plants  have 
cruciate  corollas  ;  the  order  Legutninosx  comprises  plants  whose 
fruit  is  a  legume ;  the  UmhellifersR  are  umbel-bearing  plants ; 
the  Lahiatx  have  a  labiate  corolla  ;  the  Coniferm  are  cone-'bear- 
ing  plants  ;  and  so  on. 
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c.  OtnenL — The  names  of  the  genera  are  derived  in  various 
ways  :  thus,  either  from  the  name  of  some  eminent  botanist,  as 
LinnsBa  after  Linnaaus,  Smithia  after  Smith,  Hookeria  after 
Hooker,  Jussu^a  after  Jussieu,  Toumefortia  after  Toumefort ; 
or  from  some  pecuharity  of  structure,  or  habit  of  the  plants 
comprised  in  them,  and  f  roui  various  other  circuuistances.  Thus, 
Cras»ula  is  derived  from  the  genus  comprising  plants  with  suc- 
culent or  thickened  leaves  ;  Ihntaria  from  presenting  dentate 
routs  ;  Artnaria  from  growing  in  sandj  places  ;  Lithofpermum 
iTom  its  fruits  having  a  BUmy  hardne.ss  ;  and  so  on. 

d.  Species,  — The  names  of  the  species  are  also  variously  derived . 
Thus,  the  species  of  the  genus  VioUi,  an  shown  by  Gray,  exhibit 
the  origin  of  many  si>ecitic  names.     *  Thus,  specitic  names  some- 
times distinguish  the  country  which  a  plant  inhabits,  for  ex- 
ample,   Viola  catiadaisi^y  the  Canadian  Violet  ;  or  the  station 
where  it  naturally  grows,  as  Viola  j)alngtriSf  which  ia  found  in 
swamps,   and  Viola  arvensis,  in  tields  ;   or  they  express  some 
obvious  character  of  the  sjHxjies,  as  Vitda  rod  rata  ^  where  the 
corolla  bears  a  remarkably  h^ng  Hpur,  Viola  tricolor,  which  has 
tri-coloured  flowers,    Viola  rotnndift^ia,  with   rounded  leaves, 
Viida   lattceolata,   with   lanceolate   leaves,    Vi4tla  [tedata,    with 
pedately-parted  leaves,  Violu  primnliefidia,  where  the  leaves  are 
compared  to  those  of  a  Primrose,  Viola  aaarifolia,  where  they  are 
likened  to  those  of  Asanim,    Viola  ptiheaceiM,  which  is  hairy 
throughout,  Ac.     Frequently  the  species  bears  the  name  of  its 
discoverer  or  describer,  as  Viola  Muhleidtenjiiy  Viola  NuttaUii, 
&c.'     Specific  names  are  written  after  the  generic,  as  indicated 
above  in  the  diifereiit  species  of  the  genus  Viola,  and  these  to- 
gether constitute  the  proper  appellation  of  a  plant.    The  specific 
names  are  also  commonly  adjectives,  and  agree  in  gender  and  case 
with  the  name  of  the  genus.    Thus,  when  a  species  is  named  after 
its  discoverer  or  describer,  it  is  usually  placed  in  the  genitive  case, 
as  Viola  Muhlenbergii,  V.  Nuttallii,  &c. ;  but  when  such  names 
are  merely  given  in  honour  of  botanists  who  have  had  nothing 
to  do  with  their  discovery  or  description,  the  specific  names  are 
usually  put  in  the  adjective  form,  as  Carex  Hookeriatva,  Veronica 
LindUyana  :  such  a  rule  is,  however,  frequently  departed  from. 
Sometimes  the  specific  name  is  a  noun,  in  which  cose  it  does  not 
necessarily  agree  with  the  genus  in  gender ;  such  specific  names 
are  often  old  generic  ones,  as  LHetamnuit  Fraxinella,  Rhtis  Co- 
iin^is,   Lythnim  Salicaria,   WiUA   Coriaria,   Dianthis  Armeria, 
Asdepuu  Vincetoxiaim.     In  such  cases  the  specific  name  should 
begin  with  a  capital  letter :  a  similar  rule  should  also  be  adopted 
when  it  is  derived  from  a  person  ;  but  in  all  other  instances  it  is 
better  that  the  specific  name  should  begin  with  a  small  letter. 
The  specific  name  was  called  by  Linnwus  the  trivial  name  ;  thus, 
in  the  particular  kind  of  Violet  called  Viola  paliidris,  Viola  is 
the  generic,  and  pahidris  the  specific  or  trivial  name. 

Abbreviationb  AND  Symboi^. — It  is  usual  in  botanical  Wi 
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to  use  certain  abbreviations  and  symbols.  A  few  of  the  more 
important  need  alone  be  mentioned  here. 

Ahbreviatiana, — The  names  of  authors,  when  of  more  than  one 
syllable,  are  commonly  abbreviated  by  writing  the  first  letter  or 
syllable,  &c.,  as  follows  : — 

L.  or  Lin/n.  means  Linneeus ;  Juss.  is  the  abbreviation  for 
Jussieu ;  D.  C.  or  De  Cand,  for  De  Candolle  ;  Br.  for  Brown  ; 
LindL  for  Lindley  ;  Rich,  for  Richard  ;  WiUd.  for  Willdenow  ; 
Hook,  for  Hooker  ;  With,  for  Withering  ;  Endl.  for  Endlicher ; 
Bah.  for  Babington  ;  Berk,  for  Berkley,  Ac.,  &c. 

It  is  common  to  put  such  abridged  names  after  that  of  the 
genus  or  species  which  has  been  described  by  them  respectively. 
Thus  EriocauloHf  L.  indicates  that  the  genus  Eriocaulon  was  first 
described  by  Linnseus  ;  MiUoniaj  Lindl.  is  the  genus  MiUonia 
as  defined  by  Lindley ;  Nuphar  pnmilay  D.  C.  is  the  species  of 
Nuphar  defined  by  De  Candolle,  &c. ,  &c. 

Other  abbreviations  in  common  use  are  Rod.  for  Root ;  Caul. 
for  stem  ;  Fl.  for  flower  ;  Col.  for  cal3rx  ;  Cor.  for  corolla ;  Per. 
for  perianth;  Fr.  for  fruit ;  Ord.  for  order  ;  Oen.  for  genus  ;  Sp. 
or  Spec,  for  species  ;  Var.  for  variety  ;  Herb,  for  herlxuium,  &c. 
Again,— 

y.  V.  c.  {Vidi  vivam  cvUam)  indicates  that  the  author  has  seen 

a  living  cultivated  plant  as  described  by  him. 
y.  V.  s.  {Vidi  vivam  spoyUaneam)  indicates  that  the  author  has 

seen  a  liviog  wild  plant. 
y.  s.  c.  {Vidi  aiccam  cultam)  indicates  that  a  dried  specimen  of 

the  cultivated  plant  has  been  examined. 
y .  s.  s.  (  Vidi  siccam  spontaiieam)  indicates  that  a  dried  specimen 

of  the  wild  plant  has  been  examined. 

Symbols. — The  more  important  symbols  are  as  follows  : — 

0 ,  0>  0>  or  A,  signifies  an  annual  plant. 
0  0,  0»  or  B,  means  a  biennial  plant. 
7/,  A,  or  P,  signifies  a  perennial. 
T^  or  Sh.  means  a  shrub. 
T  signifies  a  tree. 

( twining  to  the  right ;    )  twining  to  the  left. 
S  a  staminate  flower. 
$  a  pistillate  flower. 
5  an  hermaphrodite  flower. 
$  >  $  a  monoecious  plant. 
S  :  $  a  dioecious  species. 
5  S  ?  a  polygamous  species. 

O   ~  signifies  that  the  cotyledons  are  accumbent,  and  the  radi- 
cle lateral. 
811  Cotyledons  incumbent,  radicle  dorsal. 
^  Cotyledons  conduplicate,  radicle  dorsal. 
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O  il  il  Cotyledons  twice  folded,  radicle  dorsal. 

0  11  il  il  Cotyledons  three  times  folded,  radicle  dorsal. 

1  The  note  of  interrogation  is  used  to  indicate  doubt  or  uncer- 

tainty as  to  the  genuii,  species,  locality,  ^c. 

!  The  note  of  exclamation  indicates  certainty  in  the  above  par- 
ticulars. 

*  The  asterisk  indicates  that  a  good  description  is  to  be  found  at 
the  reference  to  which  it  is  appended. 


CHAPTER  2. 

SYSTEMS   OF   CLASSIFICATION. 

Wi  have  already  stated  that  Systematic  Botany  has  for  its  object 
the  naming,  describing,  and  arranging  of  plants  in  such  a  man- 
ner that  we  may  readily  ascertain  their  names,  and  at  the  same 
time  get  an  insight  into  their  affinities  and  general  properties. 
Every  system  that  has  been  devised  for  the  arrangement  of  plants 
does  not,  however,  comprise  all  the  above  points  :  for,  while 
some  systems  are  of  value  simply  for  affording  ns  a  ready  means 
of  ascertaining  their  names  ;  others  not  only  do  this,  but  at  the 
same  time  give  us  a  knowledge  of  their  affinities  and  properties. 
Hence  we  divide  the  different  systems  of  Classification  under  two 
heads  ;  namely.  Artificial  and  Natural, — the  former  only  neces- 
sarily enabling  us  to  ascertain  readily  the  name  of  a  particular 
plant ;  while  the  latter,  if  perfect,  should  comprise  all  the  points 
which  come  within  the  object  of  Systematic  Botany.  The  great 
aim  of  the  botanist,  therefore,  should  be  the  development  of  a 
true  Natural  System ;  but,  in  its  day,  the  Artificial  System  of 
Linnoeus  has  been  of  great  value,  and  even  now,  to  those  com- 
mencing the  study  of  Botany  without  the  aid  of  a  teacher,  it 
cannot  but  prove  of  essential  service.  IjinnaBUS  himself  never 
devised  his  system  with  any  exi)ectation  or  desire  of  its  serving 
more  than  a  temporary  purpose,  or  as  an  introduction  to  the 
Natural  System,  when  the  materials  for  its  formation  had  been 
obtained.  When  used  in  this  sense,  the  Artificial  System  of  Lin- 
naeus may  still  be  used  with  advantage  as  an  index  to  the  Natural 
System  ;  and  hence  we  shall  give  presently  a  somewhat  detailed 
description  of  its  principal  divisions. 

In  both  artificial  and  natural  systems,  the  lower  divisions — 
namely,  the  genera  and  species — are  the  same,  the  difference 
between  the  systems  consisting  in  the  manner  in  which  these 
divisions  are  grouped  into  orders  and  classes.  Thus  in  the  Lin- 
nasan  and  other  artificial  systems,  one,  or,  at  most,  a  few  charac- 
ters are  arbitrarily  selected,  and  all  the  plants  in  the  Vegetabki 
Kingdom  are  distributed  under  classes  and  orders  according^ 
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the  correspi^ndence  or  difference  of  the  several  genera  in  such 
respects,  no  regard  being  had  to  any  other  characters.  The 
plants  in  the  classes  and  orders  of  an  artificial  system  have, 
therefore,  no  necessary  agreement  with  each  other  except  in  the 
characters  selected  for  convenience  as  the  types  of  those  divisions 
respectively.  Hence  such  a  system  may  be  compared  to  a  dic- 
tionary,  in  which  words  are  arranged,  for  convenience  of  reference, 
in  an  alphabetical  order,  adjacent  words  having  no  necessary 
agreement  with  each  other,  except  in  commencing  with  the  same 
letter.  In  the  Natural  System,  on  the  contrary,  all  the  charac- 
ters of  the  genera  are  tsd^en  into  consideration,  and  those  are 
grouped  together  into  orders  which  correspond  in  the  greatest 
number  of  important  characters  ;  and  the  orders  are  again 
united,  upon  the  same  principles,  into  groups  of  a  higher  order, 
namely,  the  classes.  While  it  must  be  evident,  therefore  that 
all  the  knowledge  we  necessarily  gain  by  an  artificial  system,  is 
the  name  of  an  unknown  plant ;  on  the  other  hand,  by  the  Na- 
tural System,  we  learn  not  only  the  name,  but  also  its  relations 
to  the  plants  by  which  it  is  surrounded,  and  hence  get  a  clue 
to  its  structure,  properties,  and  history.  Thus,  supposing  we 
find  a  plant,  and  wish  to  ascertain  its  name,  if  we  turn  to  the 
Linneean  System,  and  find  that  such  a  plant  is  the  Menya^iihes 
irifoliaUty  this  name  is  the  whole  amount  of  the  knowledge  we 
have  gained  ;  but  by  turning  to  the  Natural  System  instead,  and 
finding  that  our  plant  belongs  to  the  order  Gentian<ic€^,  we  ascer- 
tain at  once  from  its  affinities  that  it  must  have  the  tonic  and 
other  properties  which  are  possessed  by  the  plants  generally  of 
that  order,  and,  at  the  same  time,  we  also  learn  that  it  accords 
in  its  structure  with  the  same  plants  ;  and  hence,  by  knowing 
the  name  of  a  plant  by  the  Natural  System,  we  may  at  once  learn 
all  that  is  most  important  in  its  history.  It  is  quite  true  that  all 
the  orders,  as  at  present  constituted,  are  by  no  means  so  natural 
as  that  of  the  Gentianacea?,  but  this  arises  from  the  present  im- 
perfection of  our  systems,  and  can  only  be  remedied  as  our 
knowledge  of  plants  extends  ;  even  a  system,  devised  as  perfectly 
as  possible  one  day,  may  be  deficient  the  next,  in  consequeiice  of 
new  plants  being  discovered  which  might  compel  us  to  alter  our 
views,  for  at  present  the  Floras  of  many  regions  of  the  globe  are 
imperfectly,  and  of  others,  almost  entirely  unknown.  Suffi- 
cient, however,  is  now  known  of  plants  to  enable  us  to  esta- 
blish certain  great  divisions  according  to  a  natural  method,  and 
which  after  discoveries  are  not  likely  to  affect  to  any  important 
extent.  The  present  imperfections  of  the  Natural  System  are, 
therefore,  comparatively  unimportant,  and  will  no  doubt 
disappear  as  our  knowledge  of  the  Flora  of  the  globe  becomes 
extended. 

Having  now  described  the  general  characters  upon  which  the 
artificial  and  natural  systems  depend,  and  the  particular  merits 
and  disadvantages  of  the  two  classes  of  systems  respectively,  we 
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proceed  in  the  next  place  to  describe  more  particularly  the 
prindpies  upon  which  8uch  syHtems  are  founded,  commencing 
with  those  of  an  artificial  nature. 

Section  1.     ARxiFiriAL  Systems  of  Classification. 

Thb  first  artificial  system  of  any  importance,  of  which  we  have 
any  particular  record,  is  tliat  of  Ctesalpinus,  which  was  promul- 
gated in  1583.  Only  1520  plants  were  then  known  ;  and  these 
were  distributed  into  fifteen  classes,  the  characters  of  which  were 
chiefly  derived  from  the  fruit.  The  next  systematic  arrangement 
of  an  artificial  character  was  that  of  Morison,  about  the  year  1G70. 
He  divided  plants  into  eighteen  classes,  which  were  constructed 
according  to  the  natiu*e  of  the  liower  and  fruit,  and  the  external 
appearance  of  the  plant.  The  systems  of  Hermann  and  others 
were  also  constructed  upon  somewhat  similar  principles,  while 
that  of  Oamellus  was  framed  from  the  characters  presented  by  the 
^ves  of  the  pericarp,  and  their  number.  In  the  system  of 
Rivinus,  which  was  promulgated  in  the  year  1090,  plants  were 
divided  into  eighteen  classes  ;  these  were  founded  entirely  upon 
the  corolla — its  regularity  or  irregularity,  and  the  number  of  its 
parts  being  taken  into  considemtion.  The  system  of  Christian 
Knaut  was  but  a  slight  alteration  of  that  of  Rivinus.  That  of 
Toumefort,  which  was  })romulgated  about  the  year  1095,  was  for 
a  considerable  time  the  favourite  system  of  all  botanists.  About 
8000  species  of  plants  were  then  known,  which  were  distributed 
by  Toumefort  into  twenty-two  classes.  He  first  arranged  plants 
in  two  divisions,  one  of  which  comprised  Jierbs  and  under-mrubsy 
and  the  other  trees  aiid  shrubH  ;  and  each  of  these  divisions 
was  then  divided  into  cl^iams,  which  were  chiefly  chanicterised 
according  to  the  form  of  the  corolla.  Many  other  S3rstems  were 
devised  which  were  simply  alterations  of  the  foregoing,  as  that 
of  Pontedera.  Magnolius,  however,  framed  a  system  entirely 
on  the  calyx  ;  while  Gleditsch  attempted  one  in  which  the  classes 
were  founded  on  the  position  of  the  stamens.  All  the  above 
systems  were,  w^ithout  doubt,  useful  in  their  day,  and  paved  the 
way  for  the  more  comprehensive  one  of  Linnteus,  which,  being 
stiU  in  use  to  some  extent,  requires  to  be  particularly  examined. 

LiKNJEAN  System. — This  celebrated  system  was  first  pro- 
mulgated by  LinnaiUH  in  his  ^  Syatema  Naturae,'  published  in 
the  year  1735.  It  has  been  somewhat  altered  by  subsequent 
botanists  ;  but,  in  its  essential  characters,  the  Linnasan  System, 
as  now  adopted,  is  the  same  as  that  devised  by  the  great  Linnaeus 
himself.  In  describing  this  system  we  shall  adopt  the  arrange- 
ment of  the  present  day. 

The  classes  and  orders  in  the  Linnaean  System  are  taken  ex- 
clusively from  the  essential  organs  of  reproduction,  the  sexual 
nature  of  which  Linnaeus  had  clearly  established  :  hence  this 
artificial  scheme  is  commonly  termed  the  Sexual  System.  i 

D  D 
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Classes. — In  this  system  plants  arc  at  first  divided  into  Flow- 
ering and  Flowerless,  the  latter  of  which  constitute  a  class  by 
themselves,  under  the  name  of  Gryptogamia  ;  while  the  former, 
called  the  Phanerogamia,  are  divided  into  twenty-three  classes — 
the  characters  of  twenty  of  these  depend  upon  the  number,  posi- 
tion, relative  length,  and  connection  of  the  stamens  ;  while  those 
of  the  other  three  are  derived  from  their  unisexual  flowers. 
The  names  by  which  the  classes  are  characterised  are  all 
derived  from  the  Greek,  and  express  their  distinctive  peculi- 
arities. 

The  first  eleven  classes  comprise  all  hermaphrodite  flowers, 
the  stamens  of  which  are  all  distinct  from  each  other,  and  about 
the  same  length,  or,  at  sM  events,  neither  didynamous  nor  tetra- 
dynamous.  The  individual  classes  are  distinguished  by  the  ab- 
solute number  of  such  stamens,  and  their  names  are  formed  by 
the  combination  of  the  Greek  numeral  expressing  the  number, 
with  the  termination  andriaf  meaning  man  or  male,  in  refer- 
ence to  their  function  in  the  process  of  fertilisation.     Thus  : — 

Class    1.  MonandriUf  includes  all  plants  which  have  but  one 

stamen  to  the  flower,  as  Hippxiris  {fi^,  407),  and 

CentranthAis  (fig.  490). 
Class    2.  Diandriay  those  having  flowers  with  two  stamens,  as 

the  Ash  {f>ff.  29),  Lilac,  and  Girc«a  {fig.  ^*J*I). 
Class    3.  Triandriay  those  with  three   stamens,   as  in  many 

Grasses,  Valerian  (fig.  489),  and  Iris. 
Class    4.  Tetrandriay  those  with  four  stamens,  as  the  Holly, 

Plantain,  and  Epimedinm. 
Class    5.  Pentandriay  those  with  five  stamens,  as  the  Cowslip, 

Nightshade,  and  Vine  (fixf.  513). 
CLiss    6.  Hexandria,  those  with  six  stamens,  as  the  Tulip  (fig, 

518),  and  plants  generally  of  the  Lily  Order. 
Class    7.  Heptandriay  those  with  seven  stamens,  as  the  Horse- 
chestnut  (fig.  906),  and  Trientalis. 
Class    8.   Odandria,  those  with  eight  stamens,  as  the  Heath,  Ivy, 

and  Rue  (fig.  673). 
Class    9.  Enneandria,  those  with  nine  stamens,  as  the  Flowering 

Kush  (fig.  586),  and  Rhubarb. 
Class  10.  Decandria,  thone  with  ten  stamens,  as  the  Pink  and 

Sedum  (fig.  776). 
Class  11.  Dodecandria.     This   class   includes   all   plants   which 

have  flowers  containing  from  twelve  to  nineteen 

stamens,  as  the  Asarabacca  and  Mignonette. 

The  two  succeeding  classes  include  plants  with  hermaphrodite 
flowers  having  twenty  or  more  distinct  stamens,  which  vary  as 
to  their  mode  of  insertion  ;  but  the  names  of  the  classes  are 
not  here  exactly  descriptive.     Thus  : — 

Class  12,  Icosandsria  (literally,   twenty  stamens),   includes    all 
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plants  which  have  twenty  or  more  stameni  in- 
serted on  the  calyx  or  perujynatis  ;  ai  in  the  Cherry, 
and  most  other  plants  of  the  Rose  Order  {Jig.  639). 
Class  13.  Folyandria  (literally,  many  stamens),  those  which  have 
twenty  or  more  stamens  inserted  on  the  thalamus — 
that  is,  hypogyno\is  ;  as  in  the  Buttercup  {fig,  ^9), 
Clematis,  Poppy,  and  Anemone. 

The  characters  of  the  two  succeeding  clanses  depend  upon  the 
relative  length  of  the  stamens,  the  flowers  being  also  herma- 
phrodite ;  thus  : — 

Class  14.  Diihjnamia,  includes  plants  with  four  stamens  to  the 
flower,  two  of  which  are  long  and  two  short, — or,  in 
other  words,  didyivamwM^  as  in  the  Foxglove  {fig, 
554),  and  Dead-nettle. 

Class  15.  Tetradynamiay  inelndes  plants  with  six  stamens,  of 
which  four  are  long  and  two  short — or,  in  other 
words,  Utradynammis  ;  as  in  the  Wallflower  {fig,  25) 
and  Cruciferous  plants  generally. 

The  names  of  the  two  latter  classes  are  derived  from  the 
(}reek  and  signify  in  the  former  class  that  the  two  longer,  and 
in  the  latter  class  that  the  four  longer,  stamens,  are  more  power* 
fnl  than  the  shorter. 

The  three  next  classes  are  characterised  by  the  cohesion 
or  union  of  the  stamens  by  their  filaments  into  one  or  more 
bundles.  Their  names  are  derived  from  the  combination  of 
the  Greek  numeral  expressing  the  number  of  bundles  with  the 
termination  adelphia  or  brotherhood,  which  is  used  metaphori- 
cally for  a  bundle  ;  thus  : — 

Class  16.  Monadelphia,  includes  all  plants  having  flowers  the 
stamens  of  which  are  united  by  their  fllaments  into 
one  bundle  or  brotherhood,  as  in  those  of  the  Mallow 
{fig,  544),  and  Wood-Sorrel  {fig.  545). 

Class  17.  Duadelphia,  those  with  the  filaments  united  into  two 
bundles,  as  in  the  Pea  {fig.  547),  and  many  other 
Papilionaceous  flowers,  and  Fumitory  {fig.  786). 

Class  18.  Polgoulelphia,  those  with  the  filaments  united  into  more 
than  two  bundles,  iis  in  the  St.  John's-wort  {fig. 
549),  Castor  Oil  Plant,  and  Orange  {fig,  548). 

In  the  next  class  the  character  is  taken  from  the  union  of 
the  anthers,  and  the  name  is  derived  from  two  Greek  words 
signifying  to  grow  together  ;  thus  : — 

Class  19.  Syngeneitia,  includes  all  plants  the  flowers  of  which 
have  their  anthers  united  into  a  tube  or  ring, 
the  filaments  being  usually  distinct,  as  in  all 
Composite  plants  {fig,  543). 
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The  character  of  the  next  class  is  founded  on  the  union  of  the 
androecium  to  the  gynoecium. 

Class  20,  Oynandria.  This  includes  all  plants  with  flowers  in 
which  the  androecium  and  gynoecium  are  united 
together  into  one  column,  as  in  the  Orchis  Order 
{Jig.  541),  and  Birthwort  (Jig,  542). 

The  name  of  this  class  is  derived  from  two  Greek  words,  one 
of  which  gynia,  in  combination  gyn,  is  used  for  gjmoecium ; 
and  the  other,  andria,  as  already  mentioned,  means  male  or 
stamen. 

In  the  preceding  twenty  classes  the  flowers  all  contain  both 
an  androecium  and  a  gynoecium.  In  the  three  following  classes 
the  androecium  and  gynoecium  are  in  separate  flowers,  either  on 
the  same  plant,  or  on  two  or  more  different  plants  of  the  same 
species  ;  thus  : — 

Olass  21.  Moiuxcia,  includes  plants  in  which  the  androecium  and 
gynoecium  are  in  separate  flowers,  but  on  the  same 
individual,  as  in  the  Euphorbia,  Oak,  and  Arum 
(Jig.  398).  The  name  is  derived  from  the  Greek, 
and  signifies  one  hoiuehold. 

Class  22.  DicRcia,  includes  plants  in  which  the  androecium  and 
gynoecium  are  in  separate  flowers,  situated  on 
different  individuals  of  the  same  species,  as  in  the 
WiWow  (Jigs.  410  and  411),  Hop,  and  Hemp.  The 
name  signifies  literally  two  ho^meholds. 

Class  23.  Polygamiaj  includes  plants  which  have  an  androecium 
and  gynoecium,  separate  in  some  flowers  and  united 
in  others,  and  either  on  the  same  or  on  two  or  three 
difierent  individuals  of  the  same  species,  as  in 
some  Palms.  The  name  is  derived  from  the  Greek, 
and  signifies  many  marriages. 

The  last  class  includes  all  Flowerless  Plants,  in  which  the 
essential  organs  are  said  to  be  concealed ;  hence  its  name 
Cryptogamia  (page  9). 

Class  24.  Cryptogamia.  This  includes  the  Filices  (Jigs.  12,  13, 
and  792-795,  Equisetacese  (Jigs.  11  and  799-801), 
Marsileacej^i  (Jigs.  802-806),  Lycopodiaceae  (Jigs.  10 
and  807-810),  Musci  (Jigs.  8,  9,  and  814-816), 
HepaticacecB  (Jigs.  820-822),  Fungi  (Jigs.  826-838), 
lichenes  (Jigs.  839-843),  Characete  (figs.  844- 
848),  and  Algae  (Jigs.  5  and  849-857),  all  of  which 
plants  are  distinguished  by  being  flowerless,  and 
having  their  organs  of  reproduction  more  or  less 
concealed. 

Orders. — The  above  classes  are  subdivided  into  Orders  as 
follows  : — 
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The  orders  in  the  first  thirteen  classes,  from  Monandria  to 
Polyandria,  are  founded  on  the  number  of  styles,  or  of  the 
stigmas  if  the  styles  are  absent.  Their  names  are  derived  from 
the  combination  of  the  Greek  numeral  expressing  the  number, 
with  the  termination  gynia,  meaning  woman  or  female,  in  refer- 
ence to  the  function  of  the  gynoecium  iii  the  process  of  fertili- 
sation. 

Order  1.  Monogynia,  includes  all  plants   of  any  of  the  first 

thirteen  classes  which  have  but  one  style  to  each 

flower,  as  the  Privet,   Speedwell,  and  Primrose 

{U  576). 
Order    2.  Digynia,   includes    those  having    flowers    with  two 

styles,  as  in  most  Grasses  and  Dianthus  (Jig.  597). 
Order    3.  Trigynia^  those  with  three  styles,  as  SUeiie  and  Rumex 

(fig-  645). 
Order    4.  Tetragyniay  those  with  four  styles,  as  the  Holly  and 

Sagina. 
Order    5.  Pentagynia,  those  with  five  styles,  as  Flax,  Hellebore, 

Cercuftinm  (fixf.  628),  and  Columbine. 
Order    6.  Hexagyniaf   those  with  six  styles,  as  Actinocarpus, 

Biitomtis  (fi>g.  887),  and  Drosera. 
Order    7.  Heptagynia.,  those  with  seven  styles. 

among  British  Plants. 
Order    8.  Octagynia,   those   with    eight    styles. 

among  British  Plants. 
Order    9.  Enneagyiiia,  those  with  nine  styles. 

among  British  Plants. 
Order  10.  Decagyniay   those   with   ten    styles. 

among  British  Plants. 
Order  11.  Dodecagynia,  those  with  eleven  or  twelve  styles,  as  in 

the  common  Houseleek. 
Order  12.  Polygynia,  those  with  more  than  twelve  styles,  as  in 

the  Rose,  Buttercup,  Strawberry  (fi^.  600),  Ane- 
mone, and  Clematis  (fig.  782). 

The  14th  class,  Didynamia^  is  divided  into  two  orders,  the 
characters  of  which  are  derived  from  the  structure  of  the  seed- 
vessel,  namely : — 

Order  1.  Gymnoavermia.  This  term  is  derived  from  two  Greek 
woras,  and  signifies  naked  seAids^  because  the  single- 
seeded  fruits  (achsRnia)  of  these  plants  were  mis- 
taken by  Linnaeus  for  seeds.  This  order  includes 
the  Dead-nettle  and  other  Labiate  plants. 

Order  2.  Angiospermia.  This  name  is  derived  from  the  Greek, 
and  means  seeds  in  a  vessel.  It  includes  those 
plants  in  which  numerous  seeds  are  enclosed  in  an 
evident  seed-vessel  or  pericarp,  which  is  commonly 


No  examples 

No  examples 

No  examples 

No    examples 
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two-celled,  as  in  the  Foxglove  and  Snapdragon 
(fig.  621). 

The  15th  Class,  Tetradynamia,  is  also  divided  into  two  orders, 
which  are  in  like  manner  characterised  by  the  nature  of  the  fruit 
as  follows  : — 

Order  1.  SUiculosa  ;  the  fruit  a  Silicula  or  short  pod,  as  in  the 
Shepherd's  Purse,  Sea  Kale^  and  Scurvy -grass 
{fig,  706). 

Order  2.  SUiquoaa  ;  the  fruit  a  Siliqua  or  long  pod,  as  in  Mus- 
tard, Stock,  and  Wallflower  {figi  677). 

The  orders  of  the  16th,  17th,  and  18th  Classes  are  distin- 
guished by  the  number  of  stamens,  and  have  names,  therefore, 
similar  to  the  first  thirteen  Classes.  The  number  of  stamens  is, 
however,  never  less  than  three.     Thus  ; — 

Order  1.  Tricmdria,  with  three  stamens,  as  in  Tamarind. 
Order  2.  Fentandria,  with  five  stamens,   as  in  Erodium  and 

Passiflora. 
Order  3.  Hexandria,  with  six  stamens,  as  in  Fumitory  {fig,  786). 
Order  4.  Heptandria,  with  seven  stamens,  as  in  Pelargonium, 
Order  5.   Octaiidria,  with  eight  stamens,  as  in  Polygcda, 
Order  6.  Decandria,  with  ten  stamens,  as  in   the  Sweet   Pea 

{fi^,  547),  Vetch,  and  many  other  Papilionaceous 

flowers. 
Order  7.  Dodecandria,  with  twelve  to  nineteen  stamens,  as  in 

the  Orange  {fig.  548). 
Order  8.  Folyandrta^  with  twenty  or  more  stamens,  as  in  the 

Mallow  {fi^.  544)  and  St.  John's-wort  {fig,  549). 

In  the  19th  Class,  Syngenesiay  we  have  five  orders  the  names 
and  characters  of  which  are  as  follows : — 

Order  1.  Polygamia  xqnalis.  This  includes  those  plants  in 
which  the  florets  of  the  capitula  are  all  perfect 
or  hermaphrodite,  as  in  Lettuce,  Chicory,  and 
Dandelion. 

Order  2.  Polygamia  superfltia^  where  the  florets  of  the  disk  or 
centre  of  the  capitula  are  hermaphrodite,  and  those 
of  the  ray  or  of  the  mar^  pistillate,  as  in  the 
Daisy,  Elecampane,  and  Chamomile. 

Order  3.  Polygamia  frustraneaj  where  the  florets  of  the  disk  are 
hermaphrodite,  while  those  of  the  ray  are  neuter, 
as  in  Centaureay  the  only  British  genus  which  pre- 
sents this  structure. 

Order  4.  Polygamia  necessariay  where  the  florets  of  the  disk 
are  staminate,  while  those  of  the  ray  are  pistiDate, 
as  in  the  Marigold. 
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Order  5.  Polyyamia  segregata,  where  each  flower  or  floret  of  the 
capituluni  has  an  involucre  of  its  own,  as  in  the 
Globe-thistle.  The  last  two  orders  do  not  include 
any  British  plants. 

The  Orders  in  the  20th,  21st,  and  22nd  Classes  are  founded 
on  the  number  and  union  of  the  slamens ;  as  such  characters 
are  not  taken  into  consideration  in  the  definition  of  these  Classes. 
Thus;— 

Order  1.  Monandriu,  with  one  stamen,  as  in  the  genus  OrchU 

and  many  other  Orchidaceous  plants. 
Order  2.  Diafidriuy    with    two    stamens,   as    in    the    Yeniu' 

Slipper. 
Order  3.    Tnuiutrici^  with  three  stamens,  as  in  the  plants  of  the 

genus  Carex  and  Typha. 
Order  4.  Tetrandria,  with  four  stamens,  as  in  the  Box,  Alder, 

and  Nettle. 
Order   5.  Fentaiuiriay  with  five  stamens,  as  in  the  common  Hop 

and  Bryony. 
Order  6.  Hexandriaj  with  six  stamens,  as  in  the  Birth  wort  and 

Black  Bryony. 
Order  7.  Octaiidrui,  with  eight  stamens,  as  in  the  Poplar. 
Order  8.  Enneaiyiria,  with  nine  stamens,  as  in  MercurialU  and 

HydroclmnH, 
Order    9.  DecandrUiy  ii-ith  ten  stamens. 
Order  10.  Dodecat^riay  with  twelve  stamens,  as  Stratiotes. 
Order  11.  Polyandiia,  with  numerous  stamens,  as  in  Poterium 

and  Sagittaria. 
Order  12.  Moiuuielphiay   with    the    stamens    united    into    one 

bundle,  as  in  the  Yew,  Juniper,  and  Fir. 
Order  13.  Polyadelphmy  with  the  stamens  in  several  bundles,  as 

in  the  Castor  Oil  Plant. 

The  Orders  in  the  23rd  Class,  Polygamia,  are  three,  namely  : 

Order  1.  Morwtcia,  with  staminate,  pistillate,  and  hermaphro* 
dite  flowers  on  the  same  plant,  as  in  Atriplex,  the 
only  British  genus  comprised  in  this  Class. 

Order  2.  Dicfrui,  with  hermaphrodite  flowers  on  one  plant,  and 
staminate  and  pistillate  flowers  on  another  plant 
of  the  same  species,  as  in  HippophcUi, 

Order  3.  TrUecia,  where  one  plant  bears  hennaphrodite,  another 
staminate,  and  a  third  pistillate  flowers. 

Tlie  Orders  of  the  24th  Class,  Cryptogamia,  are  natural,  and 
will  be  described  under  their  respective  heads  in  treating  of  the 
Natural  System.  These  orders  have  been  already  referred  to 
under  the  head  of  Cryptogamia  (page  404). 

The  following  table  of  the  Classes  and  Orders  of  the  Linnaaan 
System  will  show  at  a  glance  their  distinctive  peculiarities. 
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Section  2.    Natural  Systems  of  Classification. 

The  object  of  all  natural  systems,  as  already  noticed  (page 
400),  is  to  group  together  those  plants  which  correspond  in  the 
greatest  number  of  important  characters,  and  to  separate  those 
that  are  unlike.  The  mode  in  which  this  has  been  attempted 
to  be  carried  out  varies  according  to  the  particular  views  of 
botanists  as  to  the  relative  value  of  the  characters  furnished  by 
the  different  organs  of  plants  ;  but  it  must  be  evident  to  those 
who  desire  to  arrange  plants  according  to  their  natural  affini- 
ties, that  those  systems  of  classification  will  be  the  most  natural 
in  which  the  organs  of  the  highest  value,  and  those  least  liable 
to  change,  are  especially  relied  on  in  the  determination  of  the 
affinities  of  plants. 

Taking  these  principles  as  our  guide,  we  should  jegard  the 
organs  of  reproduction  as  of  the  highest  importance,  and  we  find 
accordingly  that  while  some  plants  have  flowers  with  evident 
sexes,  others  have  nu  flowers,  and  their  sexual  orgaris  are  more 
or  less  concealed  ;  hence  the  former  are  called  Phanerogamous 
or  Phasnogamous.  and  the  latter  Cryptogamous.  The  androecium 
and  gynoecium  are  of  the  first  importance  amongst  the  reproduc- 
tive organs,  because  they  are  essential  to  the  formation  of  the 
seed  of  flowering  plants  ;  while  the  anitheridia  and  archegonia 
may  be  considered  as  possessing  about  the  same  importance 
among  flowerless  plants.  The  structure  of  the  embryo  is  also  of 
primary  importance,  as  it  contains  within  itself  in  a  rudimentary 
condition  all  the  essential  organs  of  a  plant.  Hence,  according 
to  its  presence  or  absence,  we  separate  plants  into  two  great  divi- 
sions called  Cotylcdonous  and  Acotyledonous  ;  the  former  being 
propagated  by  true  seeds,  in  which  the  embryo  possesses  one  or 
more  cotyledons,  a  radicle,  and  a  plumule  ;  while  the  latter  are 
propagated  by  spores  in  which  we  can  discover  no  such  dis- 
tinction of  parts.  Again,  as  Cotyledonous  plants  vary  in  the 
number  of  their  cotyledons,  these  are  further  divided  into  two 
classes — those  possessing  one  cotyledon  being  called  Monocoty- 
ledonous,  and  those  with  two  Dicotyledonous. 

Next  in  importance  comes  the  presence  or  absence  of  an 
ovary,  as  such  a  diflerence  is  accompanied  by  essential  structural 
and  functional  peculiarities,  and  we  have  thus  the  two  great 
divisions  of  Angiospermous  and  Gymnospermous  plants. 

Next  in  value  is  the  growth  and  internal  structure  of  the 
axis.  Thus,  the  mode  in  which  the  root  is  produced  in  germi- 
nation furnishes  us  with  three  characters,  called  respectively 
Heterorhizal,  Endorhizal,  and  Exorhizal.  The  growth  and  in- 
ternal structure  of  the  stem  also  supplies  us  with  three  well- 
marked  characters,  caUed  Acrogenous,  Endogenous,  and  Exo- 
genous ;  while  those  plants  which  have  no  stem  are  termed 
Thallogenous. 
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Next  to  the  axis  we  place  the  leaf,  which,  as  regards  vena- 
tion, presents  three  distinctive  cliaracters  :  thus,  in  Acrogenous 
plants  the  leaves  or  fronds  haye  commonly  a  forked  venation  ; 
those  of  Endogenous  plants  are  parallel- veined  ;  while  those  of 
Exogenous  plants  are  net-veined  or  reticulated.  Again,  stem- 
less  plants  have  no  true  leaves,  but  produce  a  flattened  cellular 
expansion  or  thallus,  which  is  veinless. 

Next  to  the  leaves  must  be  placed  the  floral  envelopes,  which, 
as  regards  the  number  of  their  parts,  are  usually  ternary  in 
Monocotyledonous  ;  and  quinary  or  quaternary  in  Dicotyledon- 
ous plants.  Lindley  remarks,  that  *  the  floral  envelopes  seem  to 
be  unconnected  with  functions  of  a  high  order,  and  to  be  de- 
signed rather  for  the  decoration  of  plants,  or  for  the  purpose  of 
giving  variety  to  the  aspect  of  the  vegetable  world  ;  and,  conse- 
quently, their  numbei;,  form,  and  condition,  presence  or  absence, 
regularity  or  irregularity,  are  of  low  and  doubtful  value,  except 
for  specific  distinction.  There  seems,  indeed,  reason  to  expect 
that  every  natural  order  will,  sooner  or  later,  be  found  to  contain 
within  itself  all  the  variations  above  alluded  to.' 

The  presence  or  absence  of  bracts,  as  well  as  their  appear- 
ance and  general  arrangement ;  and  the  characters  derived 
from  the  diflerent  modes  of  inflorescence,  are  even  of  less  value 
than  those  of  the  floral  envelopes,  and  must  be  considered, 
therefore,  as  occupying  the  lowest  place  in  our  series  of  the 
relative  value  of  characters  furnished  by  the  organs  of  plants. 

Such  are  the  general  principles  which  should  be  attended  to 
by  those  who  arrange  plants  according  to  their  natural  afiinities  ; 
but  it  must  be  borne  in  mind,  that  even  in  the  best  devised 
natural  systems  there  must  be,  (at  least  at  present),  much  that  is 
artificial,  so  that  all  that  we  mean  by  a  Natural  System  is,  that 
it  expresses,  as  far  as  is  possible  only,  the  arrangement  of  plants 
according  to  their  natural  affinities.  (See  page  400. )  This  imper- 
fection of  our  natural  systems  necessarily  arises  from  our  incom- 
plete knowledge  of  existing  plants  ;  for  as  our  acquaintance  with 
new  species  is  becoming  every  day  extended,  our  views  are  lia- 
ble to  be  modified  or  changed,  and  even  supposing  plants  be  ever 
00  naturally  arranged,  we  should  be  still  unable  to  place  them 
in  a  linear  series,  for  'Diflerent  groups  touch  each  other  at 
several  diffierent  points,  and  must  be  considered  as  alliances  con- 
nected with  certain  great  centres.  We  find  also  that  it  is  by  no 
means  easy  to  fix  the  limits  of  groups.  There  are  constantly 
aberrant  orders,  genera,  and  species,  which  form  links  between 
the  groups,  and  occupy  a  sort  of  intermediate  territory.  In 
this,  as  in  all  departments  of  natural  science,  there  are  no  sud- 
den and  abrupt  changes,  but  a  gradual  transition  from  one 
series  to  another.  Hence  exact  and  rigid  definitions  cannot  be 
carried  out.  In  every  natural  system  there  must  be  a  certain 
latitude  given  to  the  characters  of  the  groups,  and  allowances 
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must  be  made  for  constant  anomalies,  in  so  far  as  man's  defini- 
tions are  concerned.' 

Natukal  Systems. — We  now  proceed  to  give  an  abstract  of 
the  more  important  natural  systems.  The  first  attempt  at 
arranging  plants  according  to  their  natural  affinities  was  by 
our  celebrated  countryman,  John  Ray,  in  the  year  1682 ;  and 
imperfect  as  any  scheme  must  necessarily  have  been  at  that  day, 
when  the  number  of  plants  known  was  very  limited,  still  his 
arrangement  was  in  its  leading  divisions  correct,  and  has  formed 
the  foundation  of  all  succeeding  systems.  He  divided  plants 
thus  : — 

1.  Flowerless. 

2.  Flowering  ;  these  being  again  subdivided  into 

a.  Dicotyledons. 
6.  Monocotyledons. 

Ray  still  further  grouped  plants  together  into  genera,  which  were 
equivalent  to  our  natural  orders,  many  of  which  indicated  a  true 
knowledge  of  natural  affinities,  and  are  substantially  represented 
at  the  present  day  by  such  natural  orders  as  the  Fungi,  Musci, 
Filices,  Goniferee,  Labiatae,  Composites,  UmbelliferaB,  and  Legu- 
minos86. 

Next  in  order  was  the  scheme  propounded  by  the  celebrated 
author  of  the  most  perfect  artificial  system  ever  devised  for  the 
arrangement  of  plants,  namely,  Linnaeus,  who,  about  the  year 
1751,  drew  up  a  sketch  of  the  natural  affinities  of  plants  under 
the  name  of  Fragments.  Many  of  the  divisions  thus  prepared  by 
Linnseus  are  identical  with  natural  orders  as  at  present  defined, 
among  which  we  may  mention  Orchidese,  Gramina,  Compositie 
nearly,  Umbellatae,  Asperifoliae,  Papilionaceas,  Filices,  Musci, 
and  Fungi. 

JussiEu's  Natuhal  System. — To  Antoine  Laurent  de  Jussieu, 
however,  belongs  the  great  merit  of  having  first  devised  a  com- 
prehensive natural  system.  His  method  was  first  made  known 
in  the  year  1789.  It  was  founded  upon  the  systems  of  Ray  and 
Toumefort,  to  which  he  made  some  important  additions,  more 
especially  in  considering  the  position  of  the  stamens  with  respect 
to  the  ovary.  The  following  table,  which  requires  no  explanation, 
represents  his  arrangement. 
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I  Petals  perigynous. 
Diclines  irregulares 


CImb. 

1.  Acotyledones. 

2.  Monohypogynie. 

3.  Monoperigjme. 

4.  MonoepigynsB. 

5.  Epistaminea). 

6.  Peristaminece. 

7.  Hypostaminece. 

8.  Hypocorolla). 

9.  Pericorollae. 

10.  Epicorolla;  Syn- 
anthero)  (anthers 
coherent). 

11.  EpicoroUae  Co- 
risanthorie  (an- 
thers distinct). 

12.  EpipetalfB. 

13.  Hypopetalae. 

14.  Peripetalae. 

15.  Diclines. 


Under  these  fifteen  classes  Jussieu  arranged  100  natural  orders 
or  families.  This  was  the  first  natural  arrangement  in  which 
an  attempt  was  made  to  assign  characters  to  natural  orders,  but 
so  admirably  were  these  drawn  up,  that  they  have  formed  the 
basis  of  all  succeeding  systematists.  Indeed,  the  limits  of  a 
great  many  of  Jussieirs  natural  orders  are  identical  with  those 
of  the  present  day. 

De  Candolle's  Natural  System. — The  next  system  of  note 
after  that  of  Jussieu,  was  that  of  Augustiii  Pyramus  de  CandoUe, 
which  was  first  promulgated  in  1813.  This  system,  modified, 
however,  in  some  important  particulars,  is  that  which  is  most 
in  use  at  the  present  day,  and  which,  generally,  in  its  essential 
divisions,  we  shall  adopt  in  this  volume.  In  tne  first  place,  De 
Candolle  divided  plants  into  two  great  divisions  or  sub-kingdoms, 
called  y  asculares  or  Coty  ledonooe,  and  Cellulares  or  Acoty  ledonefe, 
the  characters  of  which  are  as  follows  : — 

Division  1.  ViiscuJnres^  or  CoU/U'lonex  ;  that  is,  plants  possessing 
both  cellular  (parenchymatous)  tissue  and  vessels  ; 
and  having  an  embryo  with  one  or  more  cotyledons. 

Division  2.  CeUtUares,  or  AcotykcUniex  ;  that  is,  plants  composed 
of  cellular  (parenchymatous)  tissue  only ;  and 
whose  embryo  is  not  furnished  with  cotyledons. 

The  former  division  was  again  divided  into  two  classes,  called 
ExogensB  or  Dicotyledoneee,  and  Endogenae  or  Monocotyledonese, 
the  essential  characters  of  which  may  be  thus  stated  * — 
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Class  1.  Exogenx,  or  DicotyUdonex ;  that  is,  plants  whose  vessels 
are  arranged  in  concentric  layers,  of  which  the 
youngest  are  the  outermost  and  the  softest  ;  and 
having  ah  embryo  with  opposite  or  whorled  cotyle- 
dons. 

Class  2.  EndogenXy  or  MonocoiyUdcmtx ;  that  is,  plants  whose 
vessels  are  arranged  in  bundles,  the  youngest  being 
in  the  middle  of  the  trunk  ;  and  having  an  embryo 
with  solitary  or  alternate  cotyledons. 

These  classes  were  again  divided  into  sub-classes  or  groups. 
Thus,  under  the  Dicotyledonese  were  placed  four  groups,  named 
Thalamifloras,  Calyciflorse,  Corolliflorse,  and  MonocldamydesB. 
Under  the  Monocotyledoneas  two  groups  were  placed,  called 
Phanerogam 80  and  Cryptogamae.  The  latter  group,  which  in- 
cluded the  higher  Cryptogamia,  was  placed  under  Monocotyle- 
donesB  from  a  mistaken  idea  that  the  plants  included  in  it  pos- 
sessed an  embryo  of  a  somewhat  analogous  character  to  that  of 
monocotyledonous  plants.  The  AcotyledonesB  were  also  divided 
into  two  groups,  called  Foliosre  and  Aphyilse. 

The  foU owing  is  a  tabular  view  of  De  Candolle's  system. 


Sub-class  1.  ThalamifioraB, 


2.  Calyciflorx 


Sub-kingdom  1.  Vasculares,  or  Cotylei>one.e. 

Class  1.  Exogena,  or  DicotyledoTvex. 

r  Petals  distinct,  inserted  with 
<      the  stamens    on  ihe  tha- 
[     lamuB. 
'Petals   distinct  or  more    or 

less  united,  and  inserted  on 

the  calyx. 
Petals  united,  and  inserted  on 
)      the  thalamus. 

4.  Afoiwchlamydea:       ^'f''«  ""^^  *  "'"^^^  "^^^^  "* 
•^  I      floral  envelopes,  or  none. 

Class  2.  EndogeruB,  or  Mo'nocotyledoiiese, 

o  i_    1       1     T>j.  „         I  Fructification    visible,    rejru- 

Sub-class  1.  Fhanerogamas        }      lor  '       » 

n    n      1  I  Fructification     hidden,     un- 

2.  Cryptoganwe  j      known,  or  irregular. 


3.  CoroUiflorx 


Sub-kingdom  2.  Cellulares,  or  Acotyledone^. 

Sub-da.  1.  F-Aios.  \  "rLoli'i^xr^""''"'' 

2    AnhyUx  \  ^*^'"»  ^"^    leaf-like  expan- 

^  ^  I      sions,  and  no  known  sexes. 
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Under  these  sub-clauea  De  Candolle  arranged  161  Natural 
Orders.  The  enumeration  of  these  is  unnecessary  in  an  ele- 
mentary volume ;  we  shall  content  ourselves  with  mentioning  a 
few  only,  as  examples  of  the  different  groups.  Thus,  as  examples 
of  Thalamiflorap—  Crucifenp,  Caryophyllew,  and  Malvacens ;  of 
Calyeiflora — Rosaceie,  Umbellifewe,  and  Compositie  ;  of  CoroUi- 
^r«— -Convolvulacere,  Solaneae,  and  LabiatsB  ;  of  MonochlKtmy- 
dtm — Polygonem,  Urticem,  and  AmentacesB  ;  of  PhnnenHfama — 
Orchideae,  Irideie,  and  Graminese  ;  of  CrypUtganue — Filices, 
Equisetaceae,  and  Lycopodinere  ;  of  Foliosm — Musci  and  Hepa- 
tic»  ;  and  of  AphyH« — Lichenes,  Fungi,  and  Algte. 

In  this  system  it  will  be  observed  that  De  Candolle  adopted 
the  primary  divisions  of  Jussieu,  but  he  reversed  the  order  of 
their  arrangement ;  for  instead  of  commencing  witli  Acotyledons, 
and  passing  through  Monocotyledons  to  Dicotyledons,  he  began 
with  the  latter,  and  proceeded  by  the  Monocotyledons  to  Aco- 
tyledons. 

Since  the  appearance  of  De  Candolle*s  system  numerous  other 
arrangements  have  been  proposed  by  botanists,  as  those  of 
Agardh,  Perleb,  Dumortier,  Bartling,  Lindley,  Schultz,  Endli- 
cher,  and  many  others.  As  all  these  systems,  with  the  exception 
of  those  of  Lindley  and  Endlicher,  were  never  much  used,  and 
are  not  adopted  in  great  systematic  works  of  the  present  day,  it 
will  be  unnecessary  for  us  to  allude  to  them  further.  But  the 
latter  having  been  used  in  important  systematic  works,  it  will 
be  advisable  for  us  to  give  a  general  sketch  of  their  leading  cha- 
racters. 

£nduch£r's  Natural  System. — The  system  of  Endlicher  is 
adopted  in  his  Genera  PlaiUanim^  published  between  the  years 
1836-1840.  The  following  is  a  sketch  of  this  system.  He*^  first 
divided  plants  into  two  great  divisions,  which  he  denominated 
Kegions,  and  named  Thallophyta  and  Cormophyta.  These  were 
again  divided  into  Sections  and  Cohorts,  as  follows  : — 

Region  1.  Thallophyta.  Plants  with  no  opposition  of  stem 
and  root ;  with  no  vessels  and  no  sexual  organs ;  and 
with  germinating  spores  lengthening  in  all  direc- 
tions. 

Section  1.  Profoph\ff<i.  Plants  developed  without  soil ;  draw- 
ing nourishment  from  the  element  in  which  they 
grow  ;  and  having  a  vague  fructification  ;  as  in 
Algie  and  Liclienes. 

Section  2.  Hyifterophijtn.  Plants  formed  on  languid  or  decay- 
ing organisms  ;  nourished  from  a  matrix  ;  all  the 
organs  developing  at  once,  and  perishing  in  a 
definite  manner  ;  as  in  Fimgi. 

Region  2.  Cormophyta.  Plants  witli  stem  and  root  in  opposite 
directions  ;  spiral  vessels  and  sexual  organs  distinct 
in  the  more  perfect. 
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Section  3.  Acrobrya,  Stem  growing  at  the  point  only,  the 
lower  part  being  unchanged,  and  only  used  for 
conveying  fluids. 

Cohort  1.  Anophyta,  Having  no  spiral  vessels  ;  both  sexes 
perfect;  spores  free  in  spore-cases.  Examples, 
Hepaticse  and  Musci. 

Cohort  2.  Protophyta,  Having  vascular  bundles  more  or  less 
perfect ;  male  sex  absent.  Spores  free  in 
one-  or  many-celled  spore-cases.  Examples, 
Filices  and  Equisetaceie. 

Cohort  3.  Hysterophyta,  Having  perfect  sexual  organs ; 
seeds  without  an  embryo,  polysporous  ;  para- 
sitic.    Example,  Rhizanthese. 

Section  4.  Amphibrya.     Stem  growing  at  the  circumference. 

Examples,  Gramineie,  LUiacefiB,  Iridaceae,  Orchi- 

dacefe,  and  Palmacete. 
Section  5.  Acramphihrya,     Stem  growing  at  both  the  apex 

and  circumference. 

Cohort  1.  ChfmiiospermsR,  Ovules  naked,  receiving  impreg- 
nation immediately  by  the  micropyle ;  as  in 
ConifersB. 

Cohort  2.  Apetalse.  Calyx  absent,  rudimentary,  or  simple, 
calycine  or  coloured,  free  or  united  to  the 
ovary.  Examples,  Cupuliferae,  Urticacete,  and 
Polygonese. 

Cohort  3.  Oamopetalae.  Both  floral  envelopes  present,  the 
outer  calycine,  the  inner  coroUine,  the  latter 
being  monopetalous ;  rarely  abortive.  Ex- 
amples, Compositae,  Labiatec,  Scrophularineie, 
and  Ericaceae. 

Cohort  4.  Dialypetalse.  Both  floral  envelopes  present,  the 
outer  being  monosepalous  or  polysepalous, 
free  or  united  to  the  ovary,  calycine  or  some- 
times corolline  ;  the  inner  being  corolline  with 
distinct  petals,  or  rarely  cohering  by  means  of 
the  base  of  the  stamens,  and  with  an  epigy- 
uous,  perigynous,  or  hypogynous  insertion  ; 
rarely  abortive.  Examples,  UmbeUiferaj,  Ra- 
nunculacese,  Cruciferaj,  Caryophyllese,  Bosa- 
cesB,  and  Leguminosse. 

Under  these  divisions  Endlicher  included  277  Natural  Orders. 
After  Jussieu,  he  commenced  with  the  simplest  plants  and  gradu- 
ally proceeded  to  the  more  complicated,  placing  those  of  the  Legu- 
minossB  at  the  highest  point  of  the  series. 

Lindley's  Natural  System. — To  Lindley  especially  belongs 
the  merit  of  having  been  the  first  botanist  who  made  any  serious 
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attempt  to  introduce  a  natural  arrangement  of  plants  into 
use  in  this  country.  The  first  system  proposed  by  him  in  1830 
was  but  a  slight  modification  of  that  of  De  CandoUe.  No  attempt 
was  made  in  this  system  to  form  minor  groups  or  divisions  of 
the  tribes  ;  but  in  1833,  in  a  new  system,  Lindley  arranged  the 
natural  orders  in  groups  subordinate  to  the  higher  divisions, 
which  were  called  Nix  us  (tendencies).  These  primary  divisions 
were  again  divided  into  Sub-classes,  Cohorts,  and  Nixus  or 
groups  of  nearly  allied  Natural  Orders.  In  1838,  Lindley  again 
altered  his  arrangement  so  far  as  regarded  Exogens  ;  and  finally, 
in  the  year  1845,  further  modified  his  views,  and  proposed  the 
following  scheme,  which  is  that  adopted  by  him  in  his  great 
work  on  *The  Vegetable  Kingdom.' 

LINDLEY'S  NATURAL  SYSTEM. 


1.  Asexual,  or  Flowerless  Plants. 


Stem  and  leaves  undistinguishable 
Stem  and  leaves  distinguishable     . 


Class  1.  Thallogens. 
Class  2.  Acrogens. 


2.  Sexual,  or  Flowering  Plants. 

Fructification  springing  from  a  thallus      Class  3.  Rhizogens. 
Fructification  springing  from  a  stem. 
Wood    of    stem    youngest    in     the 
centre  ;  cotyledon  single. 

Leaves   parallel    veined,    perma- 
nent ;  wood  of  the  stem  always 
confused  ..... 
Leaves    net-veined,    deciduous  ; 
wood  of  the  stem,  when  peren- 
nial, arranged  in  a  circle  with  a 
central  pith      .... 
Wood  of  stem  youngest  at  the  circum- 
ference,   always     concentric ;     co- 
tyledons two  or  more. 
Seeds  quite  naked 
Seeds  enclosed  in  seed  vessels 


Class  4.  Endogens. 


Class  5.  Dictyogens. 


Class  G.  Qymnogens. 
Class  7.  Exogens. 


The  Exogens  were  further  divided  into  four  sub-classes  thus : — 

Sub-class  1.  Didifunis  Exogens,  or  those  with  unisexual  flowers, 

and  without  any  customary  tendency  to  form 

hermaphrodite  flowers. 
Sub-class  2.  Hypogynous  Exogens,  or  those  with  hermaphrodite 

or  polygamous  flowers  ;  and  stamens  entirely 

free  from  the  calyx  and  corolla. 
Sub-dasaS.   Perigynous  Exogens,  or  those  with  hermaphrodite 

or  polygamous  flowers,  and  with  the  atam 
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growing  to  the  side  of  either  the  calyx  or  corolla  ; 
ovary  superior,  or  nearly  so. 
Sub-class  4.  Epigy^ums  Exogetu,  or  those  with  hermaphrodite  or 

polygamous  flowers,  and  with  the  stamens  grow- 
ing to  the  side  either  of  the  calyx  or  corolla  ; 
ovary  inferior,  or  nearly  so. 

Neither  of  the  other  classes  are  divided  into  sub-classes,  but 
of  Endogens  four  sections  are  distinguished  thus  : — 

1.  Flowers  glumaceous  (that  is  to  say,  composed  of  bracts  not 

collected  in  true  whorls,  but  consisting  of  imbricated 
colourless  or  herbaceous  scales). 

2.  Fowers  petaloid,  or  furnished  with  a  true  calyx  or  corolla,  or 

with  both,  or  absolutely  naked  ;  unisexual  (that  is,  having 
sexes  altogether  in  different  flowers,  without  half-formed 
rudiments  of  the  absent  sexes  being  present). 

3.  Flowers  furnished  with  a  true  calyx  and  corolla  ;  adherent  to 

the  ovary  ;  hermaphrodite. 

4.  Flowers  furnished  with  a  true  calyx  and  corolla,  free  from 

the  ovary  ;  hermaphrodite. 

Under  the  above  classes  Lindley  includes  303  Natural 
Orders,  which  are  arranged  in  fifty -six  groups  subordinate  to 
the  sections,  sub-classes,  and  classes,  and  which  are  termed 
Alliances. 

Benth  AM  AND  Hooker's  System.  — A  uew  'Genera  Plantanim , ' 
by  Bentham  and  Hooker,  is  also  now  in  course  of  publication , 
in  which  a  new  arrangement  is  adopted.  Its  essential  features 
are  as  follows  : — 

Sub-kingdom  1.  Phankrooamia. 

This  is  subdivided  into  two  classes  and  other  divisions  thus  : — 

Class  1.    DiCOTYLEDONES. 

Sub-class  1.  AngiospermesR. 

Division  1.  Polypetalse.     Series  1.  Thalamiflone ;  2.  Disci- 

florse  ;  3.  Calyciflorae. 
Division   2.  MonopetcUsp.      Series  1.    Epigytiaa ;   2.  Hypo- 

gynse  v.  Perigynee. 
Division  3.  Apdalee.      Series   1.  Hypogynse  ;   2.  Epigyna) 

V.  Perigynae. 

Sub-class  2.  Gymnospermete. 

Class  2.  MoNOCOTYLEDONES.     ScHes   1.  Epigynae  ;   2.   Corona- 
rieoe  ;  3.  Nudiflorse  ;  4.  Glumales. 

Sub-kingdom  2.  CRYPTOGA^nA. 

This  includes  two  classes  as  follows  : — 

Class  3.  AcROOENS. 
Claas  4.  Thallogens. 
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The  only  division  in  the  above  system  which  requires  special 
explanation  is  the  series  Discifhrst ;  this  includes  all  polypetalous 
hypo^ynous  orders  in  which  there  is  an  evident  series  of  glands 
or  hypogynous  disk,  upon  or  between  which  the  stamens  are 
placed.  The  system  is  fully  explained  in  the  English  edition  of 
Le  Maout  and  Decaisne's  *  General  System  of  Botany/  which 
is  edited  by  Hooker.  The  Monocotyledones  are  arranged  as  ex- 
plained in  Bentham's  paper  on  the  Classification  of  Monocotyle- 
dons, published  in  the  *  Journal  of  the  Linnean  Society '  for  No- 
vember 1870. 

Besides  the  above  systems,  others  are  now  much  used  in  Ger- 
many, as  that  of  A.  Braun  of  the  Phanerogamia  ;  and  that  of 
Sachs  of  the  Crvptogamia.  These  are  fully  explained  in  Sachs's 
*  Text  Book  of  Botany,'  translated  by  Bennett  and  Dyer. 

Natubal  System  adopted  in  this  Manual. — The  natural 
arrangement  adopted  in  this  volume,  which  is  founded  upon  the 
systems  of  Jussieu,  De  Oandolle,  and  Lindley, — that  of  De  Can- 
dolle  being  the  basis,  is  as  follows : — 

The  Vegetable  Kingdom  is  first  divided  into  two  sub-king- 
doms, namely : — Phanerogamia,  Flowering,  or  Cotyledcmes  ;  and 
Cryptogamia,  Flowerless,  or  Acotyledones. 

Sub-kingdom  1.  Phanerogamia. — This  includes  plants  which 
have  evident  flowers  ;  and  which  are  propagated  by  seeds  con- 
taining an  embryo  with  one  or  more  cotyledons. 

Sub-kingdom  2.  Cryptogamia,  contains  those  plants  which 
have  no  flowers  ;  and  which  are  propagated  by  spores,  and  are 
therefore  acotyledonous. 

The  Phanerogamia  is  divided  into  two  classes,  and  other 
sub-divisions,  thus  :— 

Class  1.  DicoTYLEDONES,  in  which  the  embryo  is  dicotyledonous ; 
the  germination  exorhizal ;  the  stem  exogenous  ; 
the  leaves  with  a  reticulated  venation  ;  and  the 
flowers  with  a  quinary  or  quaternary  arrangement. 
In  this  class  wo  have  two  divisions. 

Division  1.  Aiufivspermia,  in  which  the  ovules  are  enclosed 

in  an  ovary ;  and  are  fertilised  indirectly  by  the 
action  of  the  pollen  on  the  stigma.  In  this  divi- 
sion we  have  four  sub-classes  : — 

Sub-class    1.   ThalnmifloriP,   that    is,   plants   Tvdth  flowers 

usually  furnished  with  both  a  calyx  and  co- 
rolla ;  the  latter  composed  of  distinct  petals 
inserted  on  the  thalamus ;  stamens  hypogy- 
nous, or  adherent  to  the  sides  of  the  ovary, 
that  is,  arising  directly  from  the  thalamus,  or 
placed  on  the  outside  of  an  hypogynous  disk. 

Sub-class  2.  Calyciflorse. — Flowers  having  usually  a  calyx 

and  corolla  ;  the  latter  mostly  with  di 
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'  petals,  and  inserted  on  the  calyx  ;  stamens 
either  perigynous  or  epigynous.  This  sub- 
class has  two  sub-divisions  : — 

1.  PerigynaR,   in  which  the  calyx  is  free,  or  nearly  so  ; 

the  stamens  usually  perigynous  ;    and  the    ovary 
superior. 

2.  Epigyna,  in  which  the  calyx  is  more  or  less  adherent ; 

and  the  ovary  inferior. 

Sub-class    3.  Carolliflone. — Flowers  having  both  a  calyx 

and  corolla  ;  the  latter  with  united  petals ; 
stamens  inserted  on  the  corolla  or  ovary,  or 
free  and  arising  from  the  thalamus.  Of  this 
sub-class  we  have  three  sub-divisions  : — 

1.  EpigynXy  in  which  the  calyx  is  adherent ;  and  the 

ovary  consequently  inferior. 

2.  Hypostamineas,  in  which  the  stamens  are  inserted  on 

the  thalamus,  and  do  not  adhere  to  the  corolla ;  and 
the  ovary  superior. 

3.  Epipttala  or  EpicoroUa,  in  which  the  corolla  arises 

from  the  thalamus,  and  has  the  stamens  attached  to 
it ;  and  the  ovary  superior. 

Sub-class  4.  MoiiochlamydeXy   ApetoUsRy   or  Incomplete. — 

Flowers  either  having  a  calyx  only,  or  with- 
out both  calyx  and  corolla. 

Division  2.  Gymnospermia,  in  which  the  ovules  are  naked  or 

not  enclosed  in  an  ovary,  and  are  fertilised 
directly  by  the  action  of  the  pollen. 

Class  2.  MoNoooTYLBDONEs,  in  which  the  embryo  is  monoco- 
tyledonous  ;  the  germination  endorhizal ;  the  stem 
endogenous  ;  the  leaves  usually  with  a  parallel  vena- 
tion ;  and  the  flowers  with  a  ternary  arrangement. 
In  this  class  we  have  two  sub-classes : — 

Sub-class  1 .    PetdUndem  or  Florida. — Leaves  with  a  parallel 

venation,  or  rarely  reticulated,  permanent,  or 
occasionally  deciduous  ;  floral  envelopes  (pe 
rianth)    verticillate    and  usually  coloured, 
rarely  scaly,  and  sometimes  absent.     This 
sub-class  has  three  sub-divisions  : — 

1.  Epigynx,  in  which  the   flowers  are   usually  herma- 

phrodite ;  the  perianth   adherent ;  and  the   ovary 
inferior. 

2.  Hypogynas,  in  which  the  flowers  are  usually  hermaphro- 

dite ;  the  perianth  free  ;  and  the  ovary  superior. 

3.  DiclineSf  in  which  the  flowers  are  usually  unisexual ; 

and  the  perianth  either  absent,  or  conaisting  of  a 
few  scales. 
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Sub-class  2.  OlumacesR  or  Glwmiferx. — Leaves  parallel- 
veined,  permanent ;  flowers  glnmaceous, 
that  is,  having  no  proper  perianth,  but  im- 
bricated bracts  instead. 

The  Cryptogamia  constitutes  a  class  by  itself,  thus  : — 

Class  3.  AcoTYXEDoNEH,  are  those  plants  which  are  propagated 
by  si)ore8,  and  are  therefore  acotyledonous,  and  have 
an  indetiiiite  or  vague  (heterorhizal)  germination ;  the 
stem  is  present  or  absent,  in  the  former  case,  when 
woody,  it  is  acrogenous  ;  the  leaves  are  also  either 
absent  or  present,  in  which  latter  case  the  veins  are 
commonly  forked  ;  they  have  no  true  flowers.  This 
has  two  sub-classes  : — 

Sub-class   1.  Acrogeme  or   Carmophyta. — Plants  with   the 

stems  and  leaves  distinguishable ;  and  pos- 
sessing stomata. 

Sub-class  2.  TliaHtHje.nss  or   Thallophyfa. — Plants  with  no 

distinction  of  stems  and  leaves  ;  stomata 
absent. 

The  following  is  a  tabular  arrangement  of  the  above  system : — 


VEGETABLE  KINGDOM. 

Sub-kingdom  1.    Phanerogamia,    Cotyledones,    or    Flowering 

Plants. 

Class  1.    DiCOTYLEDONES. 

Division  1.  Angiospermia. 

Sub-class  1.  Thalamiflorse. 

2.  Calyciflorae. 

1.  Perigynae. 

2.  Epigynse. 

3.  Corolliflorw. 

1.  Epigynse. 

2.  Hypostamineie. 

3.  Epipetalce  or  EpicoroUsB. 

4.  Monochlamydese,  Apetala;,  or  Incompletsp. 

Division  2.  Gymnospermia. 

Class  2.    MONOCOTYLEDONES. 

Sub-class  1.  PetaloidesB  or  Floridje. 

1.  Epig3rn8e. 

2.  Hypogynae. 

3.  Diclines. 

2.  Glumacese  or  Glumiferee. 
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Sub-kingdom  2.   Cryptogamia^    Acotyledones,    or   Flowerless 

Plants. 

Class  3.    ACOTYLEDONES. 

Sub-class  1.  Acrogense  or  Cormophjrta. 
2.  Thaliogenas  or  Tballophyta. 


CHAPTER  3. 

ARKANGEMENT,   CHARACTERS,   DISTRIBUTION,   PROPERTIES,   AND 

USES  OF  THE  NATURAL  ORDERS. 

Havino  now  given  a  general  sketch  of  the  more  important 
Natural  Systems — especially  of  that  one  which  we  propose  to 
follow  in  this  volume — and  described  the  characters  of  its  divi- 
sions, we  proceed  to  the  description  of  the  various  natural  orders 
as  arranged  by  us  under  those  divisions.  Our  attention  will  be 
chiefly  directed  to  the  principal  orders,  and  especial  importance 
will  be  given  to  their  diagnostic  characters, — or  those  only  which 
are  necessary  for  their  distinction.  In  our  notice  of  the  natural 
systems,  we  have  seen  that  some  authors,  as  Jussieu,  Endlicher, 
and  Lindley,  commence  with  the  simplest  forms  of  plants,  and 
end  with  the  most  complicated  ;  while  others,  as  Ray,  De 
Candolle,  and  Bentham  and  Hooker,  take  an  opposite  course, 
and  proceed  from  the  most  highly  developed  plants  to  the  sim- 
plest. We  have  adopted  the  latter  plan  here,  because  the  more 
highly  developed  plants  are  much  better  known  than  those  of 
lower  organisation,  and  are  of  more  general  interest  to  the 
majority  of  oiu:  readers. 

Sub-kingdom  I. 

phaneeogamia,  cotyledones,  or 
flowerinct  plants. 

Class  I.     DICOTYLEDONES. 

Division  I.  Angiospermia. 

Sub-class  I.  ThalamifioTX, 

Natural  Order  1.  RANUNcuLACEiE,  the  Crowfoot  or  Butter- 
cup Order. — Character.  — Herbs,  or  rarely  climbing  shrubs^ 
with  an  acrid  watery  colourless  juice.  Leaves  alternate  or 
opposite,  generally  much  divided  Cfigs.  328,  329,  and  366),  or 
sometimes  entire,  with  usually  dilated  and  clasping  petioles. 
Stipules  generally  absent,  but  if  present  always  united  to  the  base 
of  the  petiole.  Calyx  of  3 — 6,  usually  6  (Jig.  858),  distinct  sepals, 
regular  (figs.  427  and  868)  or  irregular  {fig,  452),  green  or  rarely 
petaloid,  aeciduous  or  very  rarely  persistent ;  sostivation  gene- 
rallf  imbricate  {fig.  858),  sometimes  valvate  {fig,  782)  or  indu- 
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plicate.  Corolla  of  3 — 16,  usually  6  (Jig.  668),  diRtJact  peUla, 
regular  or  irregular,  Kativatiun  imbricate  {fig.  858),  wnnetime* 
abitent  (Jig.  782).  Slamau  numeroua  {Jigi.  782  and  858),  orTery 
rarely  tew,  hypogynous  (figt-  637  and  869,  c)  ;  attthtrt  adnata 
(Jig.  800),  bursting  longitudinally.  Carpdt  nutneruus  (J!gt.  637 
and  859),  usually  distinct  and  one-celled  (Jiy.  863),  or  very  rarely 
united  bo  as  to  fomi  a  compound  numy-celled  ovary ;  unary  with 
one  (Jig.  8C3,  g)  or  manv  ovules  ;  oni^i  anatropal,  attached  to 
the  ventral  suture  (Jig.'SdS)  ;  dyUt  simple  (fig.  859).  Fruit 
various,  either  consisting  <A  a  number  of  dry  achenea,  or  of  one 
or  more  whorls  of  follicles  (Jig.  861),  or  very  rarely  baccate, 
with  one  or  more  seeds,    iktd*  solitary  or  numerous,  when 
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solitary,  erect  or  pendulous  ;  embryo  minute  (Jig-  862,  em6),  at 
the  base  of  homtu^neous  homy  albumen,  alb. 

Diagnorit. — Herbs  or  rarely  shrubs,  with  a  colourless  watery 
acrid  juice.  Sepals,  petals,  and  stamens  distioct,  hypogynoua. 
CorolU  with  an  imbricated  ffietivation.  Stamens  usually  nume- 
rous, bypogynous  ;  anthers  adnate,  bursting  longitudinally. 
Carpels,  except  in  a  very  few  instances,  more  or  leaa  distinct. 
Seeds  with  homogeneous  homy  albumen,  anatropal. 

Divi*iQn  of  the  Order  and  Exampla  of  the  Gmtra, — Tba 
order  may  be  divided  into  five  tribes  ai  follows  ; —  .; 
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Tribe  1.  Cleiaatideie,  Calyx  valvate  or  induplicate.  Fruit  con- 
sisting of  a  number  of  achenes.  Seed  pendulous.  Example  : 
— Clematis. 

Tribe  2.  Anenuyf^ese,  Caljrx  imbricated,  usually  coloured.  Fruit 
consisting  of  a  number  of  achenes.  Seed  pendulous.  Hx- 
ample : — Anemone. 

Tribe  3.  Mannnculese,  Calyx  imbricated.  Fruit  consisting  of 
a  number  of  achenes.     Seed  erect.     Example  : — Ranunculus. 

Tribe  4.  Hellebores.  Calyx  imbricated.  Petals  irregular  or 
none.  Fruit  consisting  of  one  or  more  whorls  of  many -seeded 
follicles.     Examples: — Hellebonis,  Aconitum. 

Tribe  5.  Actxes  of  Lindley.  Calyx  coloured,  imbricated. 
Fruit  succulent,  indehiscent,  one  or  many-seeded.  Example  : 
— Actpea. 

Distrib^ition  and  Numbers. — These  plants  occur  chiefly  in  cold 
damp  climates,  and  are  almost  unknown  in  the  tropics,  except 
on  mountains.     The  order  includes  about  600  species. 

Properties  and  Uses. — The  plants  of  this  order  generally 
abound  in  an  acrid  principle,  which  in  some  is  even  vesicant. 
This  acridity  is,  however,  very  volatile,  so  that  in  most  cases  it 
is  dissipated  by  drying,  or  by  infusing  them  in  boiling,  or  even 
sometimes  in  cold  water  ;  it  varies  also  in  different  parts  of  the 
same  plant,  and  even  in  the  same  parts  at  different  seasons. 
Some  plants  contain  in  addition  a  narcotic  principle  ;  and  when 
these  principles  are  in  excess  they  are  virulent  poisons.  Gener- 
ally the  plants  of  this  order  are  to  be  regarded  with  suspicion, 
although  some  are  simply  bitter  and  tonic 

Aconitum. — Some  species  of  this  ^enus  are  very  virulent  poisons.  The 
dried  root  of  Aconitum  feroxy  which  is  known  as  Nepal  or  Indian  aconite, 
has  been  usually  considered  to  be  the  sole  source  of  the  celebrated  Indian 
drug  and  poison,  *  Bikh  *  or  *  Bish,'  but  this  is  also  obtained  indifferently 
from  A.  NapelfuSf  A.  uncinatum,  A.  paJmatum^  and  probablr  others. — 
Aconitum  Napellwi^  a  European  species,  commonly  called  Monkshood,  is  the 
official  plant  of  the  British  Pharmacopoeia.  The  leaves,  flowering  tops,  and 
root  (more  especially  the  latter),  are  poisonous,  but  when  used  in  proper 
doses  they  are  sedative,  anodvne,  and  diuretic  Several  fatal  cases  of 
poisoning  have  occurred  from  the  root  having  been  mistaken  for  Hors'e- 
radish.  The  other  European  species  are  almost  inert.  The  properties  of 
the  above  species  are  espeicially  due  to  at  least  two  powerful  alkaloids,  called 
aconitia  and  paeud-aconita.  The  otiicial  aconitia  is  a  mixture  of  tbe^ 
alkaloids,  and  probably  others,  in  van^nng  proportions,  and  has  been  much 
used  externally  in  neuralgia  and  chronic  rheumatism,  and  also  occasionally 
internally  in  rheumatism  and  other  diseases,  but  it  is  a  dangerous  remedy 
for  internal  use.  Other  species  have  similar  properties,  as,  for  mstance,  the 
species  yielding  Japanese  aconite  roots  or  tubers,  now  supposed  to  be  A. 
Fischeri.  The-^e  roots  contain  a  verv  powerful  alkaloid  named  japaconitia 
OT  Japaconitine.  It  is  said  to  exceed  in  poisonous  properties  both  aconitia 
and  pseud-aconitia.  The  Aconitum  ferox  contains  the  largest  amount  of 
alkaloids  of  any  known  species.  The  root  or  rhizome  of  Aconitum  hetero' 
phytlum  has  no  poisonous  properties ;  it  is  official  in  the  Pharmacopoeia  of 
India,  and  has  a  reputation  in  India  as  a  tonic  and  antiperiodic  medicine, 
it  ia  known  in  the  Indian  bazaars  as  AttM  or  Ateea, 


RANUNCULACB^.  426 

Actaa. — The  rhizome  with  the  attached  rootlets  of  Actaa  {Cinucifuga) 
racemnsa  baa  been  Um-^  used  in  the  United  States  aa  a  remedy  in  acute 
rheumatism,  chorea,  and  various  anomalous  forms  of  nervous  diseases.  It 
has  l>een  introduced  into  this  countr\',  and  employed  with  some  succeM  in 
similnr  diseases.  In  the  form  of  a  tincture  it  is  a\»t)  reputed  to  be  a  valuable 
external  application  for  reducing  inflammation  ;  indeed,  in  such  cases,  it  ia 
said  to  be  far  more  etticacioua  than  tincture  of  amies.  It  is  the  source  of 
the  eclectic  remedy  known  in  the  United  States  as  rrmirt/u^in.  The  rhizome 
of  Acttea  $picata^  ftanel>err)\  as  shown  by  the  author,  is  a  frequent  adultera- 
tion in  this  country  of  Black  Hellebore  rhizome.  The  same  adulteration 
has  aL^o  been  noticed  on  the  Continent,  and  in  America.  The  fruits  are 
]>oisoDoiis. 

Clematis  erecta  and  C.  Flammu'a. — Tlie  leaves  of  these  plants  have  been 
used  as  rubefacient;)  and  vesicants.  Some  other  species  possess  analogous 
properties. 

Coptit. — Tlie  root  of  Coptis  trifolinta^  Goldthread,  which  is  a  native  of 
North  America,  is  a  pure  and  powerful  bitter,  and  is  used  as  a  stomachic 
and  tonic.  The  root  of  0*ptis  Teeta,  c«)inmonly  known  in  India  as  Coptis  or 
Tita  root,  is  found  in  the  bazaars  of  India;  and  is  official  in  the  Indian 
Pharmacopoeia.  It  is  also  known  under  the  name  of  Mibhmi  Bitter  or 
Mahmira.  It  is  intensely  and  powerfully  bitter,  and  is  a  valuable  tonic. 
Both  these  drugs  contain  fterbtria. 

Delphinium Staphymgria. — The  seeds  of  this  ]>]ant  were  formerly  em- 
ployed for  their  emetic,  ])urgatiye,  and  anthelmintic  i)ropertie8  ;  but  their 
violent  action  has  led  to  their  disuse.  They  are  commonly  known  under 
the  name  of  Stavesacre  seeds.  They  contain  an  alkaloid,  called  defphiniu. 
They  are,  however,  still  much  used  externally,  for  destroying  vermin,  and  in 
various  skin  diseniies.  Delphiniahas  also  been  used  externally  in  neuralgia 
and  rheumatism. — D.  Consolidum. — The  nnit  and  seeds  contain  delphinia, 
and  have  similar  ]»ro|»ertifS  to  Stavesacre  seeds. 

IJelieborug. — The  rhi/.ome  and  rootlQH  of  Hellehorus  officinalis  conniituted 
the  Black  Hellebore  of  the  ancients,  which  was  much  used  bv  th^'m  as  a 
drastic  hydragogue  purgative. — BellelMtrus  niger  is  the  Black  llrllebore  of 
the  present  time  ;  it  is  still  occasionally  cmpl(»yed  in  this  country  and  else- 
where, and  ]K)«8es8es  similar  properties  to  the  former. — Helleborus'viridis  and 
H.fcetidus  are  also  of  a  like  nature,  and  maybe  used  as  efficient  substitutes ; 
indeed  that  of  H.  viridis  is  more  powerful  in  its  action. 

Hydrastis  canadensis. — The  rhizome  and  rootlets,  under  the  names  of 
Yellow  Koot  and  Golden  Seal,  are  used  in  the  United  States  for  their  tonic 
properties ;  and  are  reputed  al^o  to  exercise  an  especial  influence  over 
mucous  surfaces.  Their  action  is  due  to  the  presence  of  berberia  and  a 
])eculiar  alkaloid  called  hydrasiia.  The  drug  nsed  by  the  eclectic  practi- 
tioners in  the  United  States  under  the  names  of  hydrastin^  is  obtained  from 
the  rhizome.  Hydrastis  is  also  used  by  the  Indians  of  the  Western  States 
of  North  America,  to  dye  various  shades  of  yellow. 

Nigella  sativa. — The  seeds  were  formerly  employed  instead  of  pepper. 
They  are  used  in  In«iia  as  a  carminative.  Jt  is  supposed  that  these  seeds, 
or  those  of  another  species  used  bv  the  Afghans  for  flavouring  curries,  form 
the  Black  Cummin  of  Scripture  (Isaiah  xxviii.  25,  27). 

Hanuncidus. — R.  sceleratus  and  R.  Flummula  are  very  acrid,  which  pro- 
perty b  also  possessed  to  a  certain  extent  by  many* ol her  species. — R. 
/•'icaria  has  thickened  roots  which  contain  a  good  deal  of  starch ;  hence 
they  have  been  been  used  as  f«>od. 

Xanthorrhiza  apiifolia, — The  root  has  a  pure  bitter  taste,  and  possesses 
well-marked  tonic  properties.  It  is  also  used  by  the  Indians  in  the  southern 
parts  of  the  United  States  as  a  yellow  dye.  It  contains  berberia  as  an  in- 
gredient. 

Many  plants  of  the  order  are  commonly  cultivated  in  our  gardens ; 
various  species  of  ClemntiSf  Ammone,  Ranunculus^  JKranthit  (^l^fvQ\«l 
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nite),  Jielldtonu  (Christmas  Rose),  Aquilegia  (Columbine),  Dehhinium 
(Larkspur),  Aconitum  (Monkshood),  Pmonia  (Pnony).  Pmmia Moutan  or 
Moutan  officinalis  is  the  Tree  Pnony  of  China,  which  is  remarkable  for  its 
reiy  large  showy  flowers,  and  for  the  number  of  its  blossoms :  thus.  Fortune 
mentions  a  plant  in  the  neighbourhood  of  Shanghae  which  yearly  produced 
from  800  to  400  flowers. 

Natural  Order  2.  Dilleniacejb. — The  Dillenia  Order. — 
Character. — Trees,  skrvJbs,  or  rarely  herbs.  Leaves  usually  al- 
ternate, very  rarely  opposite,  generally  exstipulaie.  Sepals  6, 
persistent,  in  two  rows.  Petals  5,  deciduous,  hypogynous,  im- 
bricated. /:i)t<tnie?i«  numerous,  hypogy nous.  Carpei*  2— 5,  rarely 
1,  more  or  less  distinct.  Fr^iit  formed  of  from  2 — 5  distinct  or 
adherent  carpels,  rarely  1.  Seeds  numerous,  or  2  or  1  by  abor- 
tion, anatropal,  arillate  ;  albumen  homogeneous,  fleshy  ;  embryo 
minute. 

Diagiwsis. — Stipules  absent,  except  in  rare  cases.  Sepals 
and  petals  5  each,  hypogynous,  the  former  persistent  in  two 
rows,  the  latter  with  an  imbricated  aestivation.  Carpels  more  or 
less  distinct.  Seeds  numerous,  arillate  ;  albumen  fleshy,  homo- 
geneous. 

Distribution  Examples,  atid  Numbers, — The  plants  of  this 
order  occur  chiefly  in  Australia,  India,  and  equinoctial  America  ; 
a  few  species  have  been  also  found  in  equinoctial  Africa  ;  none 
occur  in  Europe.  Examples  of  the  Otiiera : — Dillenia,  Candollea, 
Tetracera.  There  are  nearly  200  species  belonging  to  this 
order. 

Properties  ajid  Uses. — The  plants  of  the  order  have  generally 
astringent  properties,  and  have  been  used  as  vulneraries,  and 
for  tanning  in  Brazil.  The  young  calyces  of  some  species  of 
Dillenia  have  an  acid  taste,  and  are  employed  as  an  ingredient 
of  curries  in  some  parts  of  India.  Some  species  of  Dillenia  grow 
to  a  large  size  and  form  hard  durable  timber. 

Most  of  the  Indian  species  belonging  to  the  genus  Dillenia 
are  remarkable  not  only  for  their  evergreen  foliage,  but  also  for 
the  beauty  of  their  flowers.  They  are  sometimes  cultivated  as 
stove  or  greenhouse  plants  in  this  country. 

Natural  Order  3.  Maonoliacejb. — The  Magnob'a  Order. — 
Character. — Trees  or  shnihs,  with  alternate  leathery  leaves 
(fig,  331),  and  with  usually  large  convolute  stiprUes,  wluch  en- 
clocte  the  leaf-bud  and  fall  off  as  it  expands.  Sepals  usually 
three  to  six,  deciduous.  Petals  three  or  more,  hypogynous,  in 
two  or  more  rows.  Stamens  numerous,  hypogynous  {fi^,  699, 
e).  Carpels  several,  one-celled,  often  arranged  upon  an  elon- 
gated thalamus  (Jig.  599,  c).  Fndt  consisting  of  numerous 
dry  or  succulent,  dehiscent  (fig.  062)  or  indehiscent  carpels, 
distinct  or  coherent  at  the  base.  Seeds  anatropal,  with  or  without 
an  aril,  solitary  or  several,  often  suspended  from  the  fruit  by 
a  long  funiculus  (fig,  662)  ;  embryo  minute ;  albumen  fleshy, 
homogeneoua. 


HAGNOLIAC£iS.  427 

Diagnosis. — Trees  or  shmbs.  Leaves  alternate,  leathery. 
Stipules  usually  present^  and  then  large  and  sheathing  the  leaf- 
bud,  deciduous.  Sepals  and  petals  with  a  ternary  arrangement 
of  their  parts,  hypog^^nous,  the  former  deciduous,  the  latter  with 
an  imbricated  activation.  Carpels  distinct  or  coherent  at  the 
base.    Albumen  homogeneous. 

Division  of  the  Order  and  Examples  of  the  Genera, — The  order 
may  be  divided  into  two  tribes  : — 

Tribe  1.  MaynoUe». — Carpels  distinct,  arranged  upon  aa 
elongated  thalamus  in  a  cone-like  manner.  Leaves  not  dotted 
or  scarcely  so.     Examples  : — Liriodendron,  Magnolia. 

Tribe  2.  Wintered. — Carpels  united  at  the  base,  and  forming 
but  one  whorl.  Leaves  dotted  and  often  ezstipulate.  Examn 
pies: — Drimys,  Illicium. 

Distribution  afid  Nunibers, — The  majority  of  the  orders  are 
found  in  North  America.  Some  also  occur  in  the  West  Indies, 
Japan,  China,  India,  South  America,  Australia,  and  New  Zea- 
land. None  have  been  found  in  Africa  or  any  of  the  adjoining 
islands,  or  in  Europe.     The  order  contains  about  170  species. 

Properties  and  Uses. — These  plants  are  chiefly  remarkable  for 
bitter,  tonic,  and  aromatic  properties. 

Drimys  hlnteri. — The  bark,  which  was  formerlv  known  under  the 
name  of  Winter's  liark,  has  tonic,  aromatic,  antiscorbutic,  and  stimulant 
properties.  It  was  often  cr-nfouuded  with  Cauella  Bark,  which  haa  been 
termed  Spurious  Winter's  Bark.  It  was  formerly  much  employed  in  this 
country,  but  at  present  it  is  verj-  rarely  or  ever  used.  The  Winter's  Bark, 
as  now  found  in  commerce,  is  commonly  obtained  from  Cinnamodendron 
corticotum,  a  native  of  Jamaica. — Drimys  granatentis  possesses  similar 
properties. 

Illicium  anisfitum,  Star  Anbe. — The  whole  plant,  particularly  the  fruity 
has  the  flavour  and  odour  of  the  European  Anise  plant  {Pimpineua  Anisum), 
Star  Anise  fruit  is  used  by  the  Chinese  as  an  aromatic  and  carminative,  and 
also  as  a  spice.  A  large  portion  of  the  Oil  of  Anise  of  commerce  is  now 
derived  from  this  fruit.  This  oil  is  official  in  the  British  rharmacopceia, 
und  is  generally  regarded  as  a  superior  oil  to  that  obtained  in  Europe  from 
the  fruit  of  Fitupinella  Anisvm,  which  is  also  official,  and  was  formerly  the 
sole  botanical  source  of  Oil  of  Anise.  The  species  of  Illicium  which  grows 
in  Japan  is  regarded  as  distinct  by  Siebold,  and  named  /.  rdiaiosum^  but 
more  generally  it  is  included  by  botanists  under  /.  anitatum.  Uusemaim, 
Holmes,  and  others,  however,  have  recently  given  reasons  for  believing 
them  distinct.  The  fruits  are  occasionally  imported  ;  they  have  a  faini 
aromatic  odour  and  taste,  which  have  been  regarded  as  resembling  bay 
leaves  or  camphor,  but  are  entirely  devoid  of  the  characteristic  anise  taate 
and  odour  of  the  Chinese  fi-uit.  In  Japan  they  are  termed  Skimi,  shikmi^  or 
shikhni  fruits ;  and  the  recent  observations  of  Geerts  and  others  have  shown 
that  they  are  poisonous,  as  well  as  the  oil  which  is  obtained  by  expret«ion 
from  the  seeds.  This  oil  is  used  in  Japan  as  a  cheap  lii^hting  material  and 
for  lubricating  purposes. 

Liriodendron  tulipifera,  Tulip-tree. — ^The  bark  possesses  bitter  and  tonio 
properties. 

Magnolia. — 31.  glauca,  Swamp  Sassafras  or  Beaver  Tree.  The  bark  is 
tonic  and  aromatic,  resembling  Cinchona  in  its  action.  The  unripe  firaits  of 
other  species,  as  Magnolia  Frazeri  and  M.  acn miiiato,  have  similar  propert' 
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Michelia  Ckampaca. — The  flowers  of  this  plant,  which  is  &  native  of 
India,  yield  a  fragrant  oil.     ^See  Cananga.^ 

Tatmannia  aromatica. — The  fruit  is  used  in  New  Holland  as  a  snbstituta 
for  pepper. 

The  plants  of  this  order  are  also  remarkable  for  the  fragrance  and  beauty 
of  their  flowers  and  foliage ;  hence  the^'  are  favourite  objects  of  culture  in 
this  country,  either  as  hardy  plants,  such  as  several  Magnolias  and  the 
Tulip-tree ;  or  as  stove  or  greenhouse  plants,  such  as  species  of  lUicium, 

Natural  Order  4.  Anonace^. — The  Custard- Apple  Order. — 
Character. — Trees  or  shrubs.  Leaves  alternate,  simple,  exsti- 
pulate.  Calyx  of  three  sepals,  generally  united  at  the  base,  per- 
sistent. Corolla  of  six  petals,  in  two  whorls,  leathery  ;  sRstiva- 
tion  usually  valvate,  hypogynous,  rarely  united,  or  more  rarely 
altogether  absent.  Stameris  usually  numerous,  and  inserted  on 
a  large  hypogynous  thalamus  ;  coymective  enlarged,  4-angled  ; 
anthers  adnate.  Carpels  usually  numerous,  distinct  or  united, 
with  one  or  more  anatropal  ovules.  Ihiit  composed  of  a  num- 
ber of  dry  or  succulent  carpels,  which  are  distinct,  or  united  so 
as  to  form  a  fleshy  mass.  Seeds  one  or  more,  anatropal ;  embryo 
minute  ;  albumen  ruminated. 

Diagnosis. — Trees  or  shrubs.  Leaves  alternate.  No  stipules. 
Calyx  of  3  sepals,  persistent.  Petals  6,  in  two  rows,  hypogynous, 
usually  valvate.  Anthers  adnate,  with  an  enlarged  4-comered 
connective.     Albumen  ruminated. 

Distribuiion^  Examples,  ajid  Numbers. — The  plants  of  this 
order  are  almost  entirely  confined  to  the  tropical  regions  of 
Asia,  Africa,  and  America.  None  are  found  in  Europe.  Ex- 
amples of  the  Genera : — Xylopia,  Anona,  Monodora.  There  are 
nearly  300  species  in  this  order. 

Properties  and  Uses, — Generally  aromatic  and  fragrant  in  all 
their  parts. 

Anona  itgvamosa  and  A.  muricaia  yield  the  delicious  succulent  fruits  of 
the  East  and  West  Indies,  called  Custard-apples ;  the  fruit  of  A.  tquamoaa 
is  called  Sweet-sop  ;  that  of  A.  muricata.  Sour-sop.  Other  species  are  also 
esteemed  for  their  fruits,  as  Amma  reticulata^  which  yields  the  netted  Cus- 
tard-apple, and  A.  Cherimolia,  which  produces  the  Cherimoyer  of  Peru. 
Another  speciejs  namely,  A.  paltutrxa^  is  the  source  of  West  Indian  Cork- 
wood, 80  called  from  its  elasticity  and  lightness ;  the  fruit  is  termed  the 
Alligator  Pear,  but  in  consequence  of  the  presence  of  a  narcotic  principle  it 
is  not  eaten. 

Cctlocline  (  Unond)  polycarpa,  D.C. — The  Berberine  or  Yellow-dye  tree 
of  Soudan. — The  bark  of  this  tree  yields  a  beautiful  yellow  colour,  which  is 
much  used  as  a  dyeing  material  in  certain  parts  of  Africa.  When  reduced 
to  a  coarse  powder,  it  is  also  a  topical  remedy  of  great  repute  in  the  treat- 
ment of  indolent  ulcers,  and  chronic  leprous  sores  of  the  extremities.  It 
contains  Berberia^  to  which  its  medicinal  virtues  are  probably  due. 

Cananga  (  Unond)  odorata. —  The  flowers  yield  a  very  fragrant  oil,  which 
is  known  under  the  names  of  Jlang-ilanp,  AlanguilaHf  Oleum  UnnnsB,  and 
deum  AnontB.  According  to  Guibourt,  the  oil  known  as  Mactuaar  Oil  is 
A  Cocoa-nut  oil  digested  with  the  flowers  of  Michelia  Champaca  (see  Michdia') 
and  Cananga  odorata,  and  coloured  yellow  by  means  of  turmeric. 

Duguetia  qmtarensiM. — According  to  Schomburgk,  the  strong  elastic  wood 
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called  Lance-wood,  chiefly  used  by  coachmakers,  is  fomiahed  by  this  plant, 
which  is  a  native  of  Guiana. 

Monodora  yiyriuticuy  the  Calabash  Nutmeg,  has  somewhat  siiv.iUr  aro- 
matic  qualities  to  the  true  Nutmeg  of  commerce.  These  nutmegs  are  also 
commonly  known  as  Jamaica  or  American  nutmegs. 

Uvana  febrifuga. — The  fruit  of  this  species  is  supposed  to  be  the  one 
which  is  used  as  a  febrifuge  by  the  Indians  on  the  Orinoco ;  according  to 
Martins,  however,  that  is  obtained  from  the  Xylopia  prandijiora. 

Xyltrpia. — X.  aroinatica  (Habzelia  Kthiopica)^  D.C.,  is  commonly  known 
as  Piper  aethiopicum.  The  dried  fruit  is  used  by  the  African  negroes  on  ac- 
count of  its  stimulant  and  carminative  effects,  and  also  as  a  condiment. — 
XyUtpia  umiulata  has  nearly  similar  properties. — XyUtpia  glabra  yields  the 
Bitter  wood  of  the  West  fndies,  which  has  tonic  properties.  The  fmits  of 
X.  longifolia  are  used  as  a  febrifuge  throughout  the  valley  of  the  Orinoco. 

Natural  Order  5.  LahdizabalacejE. — The  Lardizabala  Order. 
— Character. — Shmbs  of  a  twining  habit.  Leaves  alternate, 
exBtipulate,  compound.  Flowers  uniisexual.  Barren  flower : — 
Calyx  and  corollu  with  a  ternary  arrangement  of  their  parts, 
each  in  one  or  two  whorls,  deciduous.  Stamens  6,  opposite  the 
petals,  usually  monadelphous,  sometimes  distinct.  Rudimentary 
carpels  2  or  3.  Fertile  flower : — Calyx  and  corolla  as  before, 
but  larger,  hypogynous.  Stamens  6,  very  imperfect  and  sterile. 
Carpels  distinct,  generally  3,  rarely  6  or  9,  1-celled  ;  ovules 
usually  numerous,  rarely  1,  imbedded  on  the  inner  surface 
of  the  ovary.  Fruit  baccate,  or  sometimes  follicular.  Seed 
with  usually  a  minute  embryo  in  a  large  quantity  of  homo- 
geneous albumen. 

Diagnosis. — Twining  shrubs.  Leaves  alternate,  exstipulate, 
compound.  Unisexual  flowers.  Carpels  distinct,  superior. 
Seeds  parietal,  imbedded  ;  embryo  usually  minute,  with  abun- 
dant homogeneous  albumen. 

Distributiouy  Example,  arwi  Numbers. — There  are  about  16 
species  belonging  to  this  order.  According  to  Lindley,  two 
genera  inhabit  the  cooler  parts  of  South  America  ;  one  is  a 
tropical  form,  and  the  remainder  are  from  the  temperate  parts 
of  China.     Examples  of  the  Genera : — Stauntouia,  Lardizabala. 

Properties  and  Uses. — The  plants  of  this  order  appear  to 
be  without  any  active  properties.  Some  have  edible  fruits. 
Other  have  been  introduced  into  our  greenhouses  as  evergreen 
climbers. 

Natural  Order  6.  ScHiZANDRACKfi. — The  Schizandra  Order. — 
Character. — Trailing  shrubs.  Leaves  alternate,  exstipulate, 
simple,  often  dotted.  Flowers  unisexual.  Calyx  and  coroUa 
with  a  ternary  arrangement  of  their  parts,  hypogynous,  im- 
bricated. Barren  flower  : — Stamens,  numerous,  monadelphous 
or  distinct,  hypogynous ;  anthers  2-oelled,  extrorse,  with  a 
thickened  connective.  Fertile  flower : — Carpels  numerous,  1- 
celled,  distinct  or  coherent ;  ovules  2,  pendulous.  Fruits  nume- 
rous, collected  into  a  cluster,  baccate.  Seeds  with  abundant 
homogeneous  fleshy  albumen  ;  embryo  very  minute. 
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Diagnosis. — ^Trailiiig  shrubs.  Leaves  aJtemate,  exstipulate, 
simple.  Flowers  unisexual.  Sepals  and  petals  imbricated. 
Stamens  numerous,  hypogynous.  Ovules  pendulous  ;  embryo 
very  minute,  with  abundant  homogeneous  albumen. 

DistrihiUion,  Examples^  and  Numbers. — This  small  order  only 
contains  12  species.  They  occur  in  India,  Japan,  and  the 
southern  parts  of  North  America.  Examples  of  the  Genera  : — 
Schizandra,  Hortonia. 

Properties  and  Uses. — The  plants  of  this  order  are  insipid 
and  mucilaginous.     Some  have  edible  fruits. 

Natural  Order  7.  Menispkrmace^. — The  Moon-Seed  Order. 
— C haracter.  Climbing  or  trailing  shnihs.  Leaves  alternate, 
simple,  exstipulate,  usually  entire.  Flowers  generally  dioecious, 
but  sometimes  imperfectly  unisexual,  rarely  perfect  or  poly- 
gamous. Barren  floioer :  Calyx  and  corolla  with  a  ternary 
arrangement  of  their  parts,  generally  in  two  whorls,  imbricate 
or  valvate.  Stamens  usually  distinct,  sometimes  monadelphous. 
Carpels  rudimentary  or  wanting.  Fertile  floxcer : — Sepals  and 
petals  usually  resembling  those  of  the  barren  flower.  Stamens 
imperfectly  developed,  or  wanting.  Carpels  usually  3,  sometimes 
6,  commonly  supported  on  a  gynophore,  distinct,  1 -celled,  each 
containing  one  curved  ovule.  Frutts  drupaceous,  curved  around 
a  central  placental  process,  1-celled.  Seeds  1  in  each  cell,  and 
curved  so  as  to  assume  the  form  of  that  cell ;  embryo  curved  ; 
albumen  present  or  absent ;  when  present  homogeneous,  or  par- 
tially divided  into  plates  or  convolutions  by  the  projection  in- 
wards of  the  inner  membranous  covering  of  the  seed. 

Diagnosis. — Trailing  or  climbing  shrubs.  Leaves  alternate, 
simple,  exstipiilate.  Flowers  usuaUy  dioecious.  Sepals,  petals, 
stamens,  and  carpels  with  a  ternary  arrangement,  hypogynous. 
Carpels  distinct.  Fruits  1-celled,  curved.  Seed  solitary,  curved ; 
embryo  curved  ;  albumen  absent,  or  usually  small  in  amount, 
and  then  either  homogeneous  or  somewhat  nmiinated. 

Miers  remarks,  *  that  there  is  probably  no  famil3'80  completely 
heteromorphous  as  the  Menispermaceee,  or  which  presents  such 
extreme  and  aberrant  features  at  variance  with  its  normal 
structure.'  Hence  there  is  great  difficulty  in  drawing  up  a 
satisfactory  diagnosis  of  this  order. 

Distribution^  Example^Hy  and  Numbers. — The  plants  of  this 
order  are  chiefly  found  in  the  forests  of  the  tropical  parts  of 
Asia  and  America.  None  occur  in  Eiurope.  Examples  of  the 
Genera  : — Coscinium,  Jateorhiza,  Menispermum  There  are 
about  340  species  included  in  this  order. 

Properties  and  Uses. — These  plants  are  chiefly  remarkable  for 
their  narcotic  and  bitter  properties.  A  few  are  mucilaginous. 
When  the  narcotic  principle  i«  in  excess  they  are  very  poisonous. 
Some  are  valuable  tonics. 

Anamirta  punicttlata. — The  fruit  of  tliis  plant,  which  is  known  as  Coccu- 
]u8  indicus,  is  poisonous.    It  has  been  extensively  employed  for  a  long 
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period  an  a  poison  for  taking  fish  and  game,  which  it  stupefies.  It  is  also 
reputed  to  be  u«ed  to  a  great  extent  (chiefly  by  publicans)  to  impart  a 
bitter  taste  to  malt  liquor,  and  to  increase  its  intoxicating  efTeits;  but  it 
must  be  admitted  that  we  have  no  very  satisfactory  evidence  on  this  point. 
The  average  annual  imports  of  Cocculua  indicus  from  India  are  about  50,000 
lbs.,  a  quantity,  it  is  said,  sufficient  to  drug  120,000  tuns  of  beer.  It  has 
been  also  emploved  externally  to  destroy  vermin,  and  for  the  cure  of  some 
skin  diseases.  It  owes  ita  active  properties  to  a  poisonous  neutral  principle 
contained  in  the  seed,  called  Picrotoxin.  The  pericarp  also  contains  two 
isomeric  alknloids  in  minute  quantity,  which  have  been  named  Menispermia 
and  Paramenupermia,  of  which  but  fittle  is  known. 

Chondrodendrnn  tommtogttm. — The  root  of  this  plant,  which  is  a  native 
of  Brazil,  as  shown  by  Hanbury,  is  the  original  Pareira  Brava,  and  is  the 
drug  on  which  its  rcputnti<m  was  founded.  (See  CistampeloM.)  The  stem 
possesses  similar  but  less  powerful  properties ;  it  is.  however,  firequently 
mixed  with  the  root.  Pareira  Brava  contains  an  alkaloid  which  has  been 
named  Cissamprlia  or  Pelosia,  but  which  Dr.  FlUckiger  has  proved  to  be 
identical  with  fteheria,  the  active  principle  of  Bebeeru  bark.   (See  Xeetandra,) 

Ciwtmpelos. — C.  Pareira  is  official  in  the  Britinh  Pharmacopceia  as  the 
botanical  source  of  Pareira  Drava.  It  poasesses  tonic  and  diuretic  properties. 
The  true  Pareira  Brava  of  commerce  is  not,  however,  derived,  as  srated  in 
the  British  Pharmacopceis,  from  Ciatamneh*  Pareira^  but  fh)m  Chondroden- 
dron  tnmentosum^  as  noticetl  above  in  referring  to  that  plant.  Other  spurious 
kinds  of  Pareira  Brava  are  derived  from  Abuta  rufencensy  which  yields  IFAfte 
Pareira  Brava  ;  from  Abuta  amara,  Yellow  Pareira  Brava  ;  and  also  from 
other  Menispermaceous  plants. 

CngciniNtn  fenestratum. — The  wood  and  bark  of  the  stem  possess  tonic 
and  stomachic  properties.  The  stems  have  been  imported  into  this  country 
from  Ceylon,  and  sold  as  true  Calumba-root ;  they  contain  mu<'h  berberia. 

Jnteorhiza. — Jateorhiza  Calumba  and  J.  Miersii  are  now  rec(^fnised  in 
the  British  Pharmacop<eia  as  yielding  the  Calumba-root  of  the  Materia 
Medico  so  well  known  as  a  valuable  stomachic  and  tonic.  These  two 
species  are  not,  however,  generally  regarded  as  distinct,  but  are  more  com- 
monly placed  together  under  the  name  of  Jateorhiza  Calumba.  The  tonic 
and  stomachic  properties  of  Calumba  root  are  especially  due  to  a  peculiar 
neutral  principle,  called  ralumbin.  It  also  contain*  berberia  and  calnmbie 
acidy  to  the  presence  of  which  its  properties  are  also,  to  some  extent  at  least, 
due. 

Menvfpermum  canadense.  Yellow  Parilla  or  Moonseed. — The  root  yields 
the  eclectic  remedy  called  menispermin^  which  is  reputed  to  be  alterative, 
tonic,  laxative,  diuretic,  and  stimulant ;  and  to  be  pspecialiy  useful  in 
syphilitic,  cutaneous,  and  rheumatic  affections.  This  root  has  also  been  sold 
in  the  United  States  under  the  name  of  Texas  Snrsaparilla. 

Tinospora  cnrdifotia. — The  root  and  stems  are  official  in  the  Pharma- 
copoeia of  India,  and  are  known  under  the  name  of  Gnlancba ;  they  possess 
well-marked  tonic,  antiperiodic,  and  diuretic  properties. 

Natural  Order  8.  BERBEBiDACBiE. — The  Barberry  Order. — 
Character. — Shnibs  or  herhaceovA  perennial  plants.  Leaves 
alternate  {fig.  378),  compound,  usually  exstipulate.  The  leaves 
are  frequently  apparently  simple,  but  in  such  cases  it  will  be 
found  that  the  blade  is  articulated  to  the  petiole,  which  is  evi- 
dence of  their  compound  nature.  The  stem  is  generally  free 
from  hairs  and  other  appendages  of  a  similar  diaracter,  but 
it  is  often  spiny  {fi^.  378).  These  spines  are  nothing  more 
than  the  hardened  veins  of  some  of  the  leaves,  between  which 
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the  parenchTma  is  not  developed.  Sepals  3,  4,  or  6,  decidaoiu, 
in  two  whorls  (Jig,  864),  Pei<dt  equal  to  tlia  sepals  in  number 
and  opposite  to  them,  or  twice  as  many,  hypogynous.  Stameiu 
hfpogynous  (Jig.  866),  equal  to  the  petals  in  number,  and 
oppoBit«  to  them  (fig.  864)  ;  anthem  S-celled,  each  opening  by  a 
valve  from  the  bottom  to  the  top  (jtj.  535),  except  in  I'odophyUum 
where  they  dehisce  longitudinally.  Carpefs  solitary,  1- celled  (^. 
86C) ;  ttyU  somewhat  lateral  (fig.  865) ;  tfigma  orbicular  (fig. 
866)  ;  oroies  anatropal,  attached  to  a  sutural  placeiUa  (figs.  865 
and  8C6).  Fruit  baccate,  or  dry  and  capsular.  Seedt  (fig.  867), 
usually  with  a  minute   embryo  ;   albumen   between  fleshy  and 

Diagnotus. — Leaves  alternate,  very  often  spinj'.  SepabS,  4, 
or  6,  deciduous.  Petals  hypogynous,  and  opposite  to  toe  sepals 
when  equal  to  them  in  number.     Stamens  definite,  hypogynous, 

opposite  to  the  petals  ;  anthers  2-celled,  each  opening  by  a 
recurved  valve,  except  in  Fodophyllii'm  where  they  dehisce 
longitudinally.  Carpel  soUtary  ;  placenta  iiiturol  ;  ovules 
anatropal.     Seeds  with  albumen. 

Flo.  805. 
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J>i*irih«(ww,  Examplt*,  and  Numberi. — They  are  found  in 
the  temperate  parts  of  Europe,  America,  and  Asia.  The^  are 
Tery  common  in  the  mountainous  parts  of  the  North  of  India. 
Examj^  of  the  Genera : — -Berberis,  Epimedium,  Leontice.  Tho 
order  includes  about  100  species. 

Fropertiet    tmd    Vtei. — These    plants    are    generally  add, 
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aBtringent,  and  bitter;  but  some  are  ptirgative.      Their  acid 
properties  are  due  to  the  presence  of  oxalic  acid. 

Berberu  9ulgari$,  the  common  Barberry-. — ^The  fruits  of  this  and  other 
species  are  acid  and  astringent,  and  form  a  ref^hing  preserve.  Its  bark 
and  stem  are  very  astringent,  and  are  occasionally  used  by  dyers  in  the  pre- 
paration of  a  yellow  dye.  The  common  Barberry  tnirk  is  sometimes  employed 
to  adulterate  Pomegranate  root-bark.  It  is  official  in  the  United  States 
Pharmacopoeia,  and  is  said  to  be  tonic  in  small  dosesi  and  cathartic  in  large 
ones.  It  owes  its  properties  more  especially  to  htrberia.  The  root-bark  of 
B.  Ljfcium,  B.  iuiaiicti,  and  B.  arutata,  forms  Indian  Barberry  bark.  This 
bark,  which  is  official  in  the  Pharmaoopceia  of  India,  possesses  tonic,  anti- 
periodic,  and  diaphoretic  properties;  and  Its  extract,  under  the  name  of 
Buaot,  is  employed  in  India  as  a  local  application  in  ophthalmia  and  other 
affections  of  the  eyes.  The  properties  of  Indian  Barberry  bark  are  especially 
due  to  the  presence  of  the  alkaloid  berberia. 

CauhphyUwn  thalictroidesj  Blue  Cohosh. — The  root  (rhizome)  has  a  repu- 
tation among  the  eclectic  practitioners  in  the  United  States  in  certain 
uterine  affectix>ns.  It  is  regarded  as  a  stimulating  tonic  and  slight  narcotic. 
The  eclectic  rem^y  termed  eautophyllin  which  is  obtained  from  it,  is 
reputed  to  be  antisparaaodic,  alterative,  tonic,  diuretic,  and  vermifuge. 

JefferBonia  diphylla. — The  root  (rhizome)  is  popularly  known  as  rhnmui- 
turn-root  in  the  United  States,  from  its  reputed  value  in  rheumatism.  It  is 
commonly  said  to  resemble  senega  root  in  its  action,  and  to  possess  emetic, 
tonic,  and  expectorant  properties. 

Podophyllum  pehtUumy  May-apple. — The  rhizome  and  rootlets  possess 
liydragogue  cathartic  properties,  owing  especially  to  the  presence  of  a  remn/ 
which  is  frequentlv  termed  incorrectly  podophyUtn,  The  rhixome  and  resin 
are  official  in  the  British  Pharmacopoeia  ;  and  the  latter  is  now  largely  used 
in  this  country. 

Natural  Order  9.  CABOMBACEiB. — The  Water-Shield  Order. — 
Character. — Aquatic  plants,  with  floating  peltate  leaves. 
Sepals  and  petals  3  or  4,  alternating  with  each  other.  Stamens 
definite  or  numerous.  Thalamits  flattened,  small.  Carpels 
2  or  more,  distinct.  Frttit  indehisoent.  Seeds  few  ;  embryo 
minute,  enclosed  in  a  vitellus,  and  outside  of  abundant  fleshy 
albumen. 

Diagnosis. — The  only  orders  likely  to  be  confounded  with 
this,  are  the  Nymphteacese  and  Nelumbiaceu).  The  plants  be- 
longing to  the  Cabombaceie  are  distinguished  from  the  Nym- 
phfeacese,  by  having  distinct  earpelsy  sutural  placentas,  few  seeds, 
no  evident  thcdam^is,  and  by  the  presence  of  fleshy  instead  of 
farinaceoiAS  albumen  ;  and  from  the  Nelurobiacea),  by  their  small 
thalamus,  by  having  more  than  one  seed  in  each  carpel,  by  their 
minute  embryo,  and  their  abundcmt  albumen. 

Distribution,  Examples,  and  Numbers. — There  are  but  3  spe- 
cies belonging  to  this  order.  They  occur  in  America,  Australia, 
and  India.      Cabomba  and  Hydropeltis  are  the  only  genera. 

Properties  and  Uses. — They  have  no  important  properties. 
Hydropeltis  purpurea  is  said  to  be  nutritious. 

Natural  Order  10.  NYMPH.<EACE-aE. — The  Water -Lily  Order. — 
Character. — Aquatic  herbs.  Leaves  floating,  peltate  or  cor- 
date.     Flowers  solitary,  large  and  showy.      S^fxils  usually  4t 
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(fig,  448,  c,  c,  c,  c),  or  rarely  6  (fig.  868),  persiatent,  generally 
petaloid  on  their  inside.  Petals  numerous  {fig,  448,  p,  |9,  p^  p), 
deciduous,  often  passing  by  gradual  transition  into  the  stamens 
(fi^.  448,  p,  e),  in  the  same  way  as  the  sepals  pass  into  the 
petals  ;  inserted  on  a  fleshy  thalamus  below  the  stamens  (fig. 
517).  Stamens  numerous,  placed  upon  the  thalamus  ;  filaments 
petaloid  (fi^,  448,  e,  1,  2,  3,  4,  5).  Thalamus  large,  forming  a 
disk-like  expansion  more  or  less  surrounding  the  ovary,  and 
having  inserted  upon  it  the  petals  and  stamens  (fi^,  517).  Carpels 
numerous,  united  so  as  to  form  a  compound  ovary  (jUg.  868) ; 
ovary  many-celled  (fig.  780)  ;  styles  absent ;  stigmas  radiating 
on  the  top  (figs.  517  and  869),  and  alternate  with  the  dissepiments. 


Fig.  8G8. 


Fig.  869. 


Fig.  870. 


Fig.  868.  Flower  of  Yellow  Water-lilv  (3'«- 

phar  lutea). Fig.  869.  Ovary  of  Nnphar 

with  nnmerong  radiating  stigmas. Fig. 

870.  Vertical  section  of  the  eeed  of  il^yinpA<ra 
alba,  showing  the  embryo  enclosed  in  a  yi- 
tellus,  and  on  the  ontside  of  albumen. 

Fruit  indehiscent,  many-celled.  Seeds  numerous,  attached  all 
over  the  spongy  dissepiments ;  emhryo  minute,  enclosed  in  a 
vitellus,  and  on  the  outside  of  farinaceous  albumen  (fig.  870). 

Diagnosis. — Aquatic  herbs  with  floating  leaves.  Thalamus 
large,  and  forming  a  disk-like  expansion  more  or  less  surrounding 
the  ovary.  Carpels  united  so  as  to  form  a  compound  many- 
celled  ovary  ;  stigmas  radiating  on  the  top,  and  alternate  with 
the  dissepiments  ;  ovules  numerous,  and  attached  all  over  the 
dissepiments.  Embryo  minute,  on  the  outside  of  farinaceous 
albumen,  enclosed  in  a  vitellus. 

DistrihtUion,  Examples,  and  Numbers. — The  plants  of  this 
order  are  chiefly  found  in  quiet  waters,  throughout  the  whole  of 
the  northern  hemisphere  ;  they  are,  generally  speaking,  rare  in 
the  southern  hemisphere.  Examples  of  the  Oenera : — Victoria, 
Nymphsea.     There  are  about  50  species. 

Properties  and  Uses. — These  plants  have  bitter  and  astringent 
properties.  They  have  been  also  generally  considered  as  sedative 
and  narcotic  ;  but  there  does  not  appear  to  be  any  foundation 
for  such  an  opinion.  Many  contain  a  large  quantity  of  starch 
both  in  their  rhizomes  and  seeds  ;  hence,  such  parts  are  used  for 
food  in  some  countries. 
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Victoria  regia, — This  plant  is  a  native  of  Equatorial  America,  and  has 
been  introduced  into  this  country,  where  it  has  excited  much  interest,  both 
from  the  beauty  and  8i2e  of  its  flowers,  and  from  its  enormous  and  singularly 
constructed  leaves.  The  flowers  when  fully  expanded  are  more  than  a  foot  in 
diameter ;  and  the  leaves,  which  are  turned  up  at  their  margins,  vary  from 
four  to  eight  feet  in  diameter.  The  plant  is  commonly  known  in  thw  countrj' 
as  the  Victoria  Water-lily,  and  in  South  America  under  the  name  of  Water- 
maize,  as  the  seeds  are  there  used  for  food,  for  which  purpose  they  are  com- 
monly roasted  with  Maize  or  Indian  Corn.  The  rhizomes  also  contain  a  large 
quantity  of  starch. 

Natural  Order  11.  NELrMBiACE^. — The  Water-Bean  Order. 
— Character. — Aqvaiic  herbs.  Leaves  peltate,  riding  above 
the  water.  Flmvers  large  and  showy.  Sepals  4  or  5.  Petal'i 
numerous,  in  several  whorls.  Stamens  numerous,  in  several 
whorls  ;  JiUiments  petaloid.  Thalamus  very  large,  flattened  at 
the  top,  and  excavated  so  as  to  present  a  number  of  cavities, 
each  of  which  contains  a  single  carpel  (fig.  649).  Fruit  con- 
sisting of  the  ripened  nut-like  carpels,  which  are  half-buried  in 
the  cavities  of  the  thalamus.  Seed  solitary,  or  rarely  2  ;  with- 
out album^.n  ;  emhryo  large,  enclosed  in  a  membrane,  with  two 
fleshy  cotyledons,  and  a  much-developed  plumule. 

Diagnosis. — Aquatic  herbs  with  peltate  leaves.  Thalamus 
very  large,  flattened  at  the  top,  and  excavated  so  as  to  present 
a  number  of  cavities.  Carpels  distinct,  and  partially  imbedded 
in  the  large  honeycombed  thalamus.  Fruit  of  numerous,  usually 
1 -seeded  nut-like  bodies.     Albumen  none  ;  plumule  very  large. 

DistrHndion,  Examples^  andNumhers. — These  beautiful  water 
plants  are  natives  of  stagnant  or  quiet  waters  of  temperate  and 
tropical  regions  in  the  northern  hemisphere  ;  they  are  most 
abundant  in  the  East  Indies.  There  is  but  1  genus,  Nelumbium, 
which  includes  3  species. 

Properties  and  Uses. — The  nut-like  fruits  of  all  the  species 
are  edible,  as  well  as  their  rhizomes,  which  contain  starch  like 
those  of  the  Nymphieas. 

Ndumbium  apeciosum. — The  fruit  of  this  plant  is  commonly  considered  to 
have  been  the  Egyptian  Bean  of  Pythagoras ;  and  the  flower  the  sacred 
Lotus  so  often  represented  on  the  monuments  of  Egypt  and  India.  The 
plant,  however,  is  no  longer  found  in  Egypt,  but  it  is  common  in  India. 
The  leaves  and  peduncles  contain  a  large  number  of  spiral  vessels; 
these,  when  extracted,  are  used  for  wicks,  *  which  on  great  and  solemn 
occasions  are  burnt  in  the  lamps  of  the  Hindoos  placed  before  the  shrines  of 
their  gods.* 

Natural  Order  12.  Sarracentace^. — Th^  Sarracenia,  Water- 
Pitcher,  or  Side- Saddle-Flower  Order. — Character. — Fertr^ 
nial  herbs,  growing  in  boggy  places,  with  radical  hollow  leaves, 
which  are  pitcher  or  trumpet-shaped  (figs.  380  and  387).  Sepals 
4 — 6,  usually  6,  persistent,  imbricated.  Petals  6,  hypogynous, 
sometimes  absent.  Stamens  numerous,  hypogynous  ;  anthers 
adnate,  2-celled.  Carpels  3 — 6,  united  so  as  to  form  a  compound 
3 — 5-celled   ovary  ;    ovules   numerous  ;  placentas    axile  ; 

F  V  2 


4SS 


PAP&VEBAC££. 


simple  and  truncate,  or  expanded  at  ita  top  into  &  Urge  shield- 
like  angular  procen  vith  one  atigma  beneath  each  of  its 
(tngles.  CapmU  3 — 5-celled,  dehiscing  loculicidsllj.  Seedi 
numerous,  atttwihed  to  large  aJule  placentas ;  albvmen  abundant. 

IMagnoni. — Perennial  boggy  plants,  with  pitcher  ortrumpet- 
■Iwped  leaves.  Calyx  permanent,  imbricated.  Carpels  united 
so  as  to  form  a  compound  ovary,  and  a  3 — 5-oelled  dehiscing 
fruit,  with  large  aiile  placentas  ;  albumen  abundant. 

Diatribiition,  Examples,  and  Numberi, — There  ore  8  species, 
oE  which  6  are  confined  to  the  bogs  of  M  orth  America,  1  occurs 
in  Guiana,  the  other  species  is  found  in  California.  £3!ampUi 
of  the  Otnera: — Sarracenia,  Heliampbora. 

Propertiei  and  l7sM,^The  pitchers  are  lined  by  glandular 
hairy  appendages  ;  these  secrete  a  peculiar  fluid  which  dissolves 
any  insects  that  find  their  way  into  them.  The  solution  thus 
formed  is  ultimately  absorbed,  and  appears  to  be  neceasary  for 
the  healthy  condition  of  these  plants. 

Sarramia, — The  rhizome,  roolleU,  and  lesvea  o(  Sarracenia  purpima 
were  formerly  v«uiited  u  ■  ipeciflc  in  innU-pox,  but  from  extooHre  trisls 
In  the  hospitalB  of  thii  snd  other  countries,  they  huve  been  found  to  be 
entiraly  oBiless. —  S.  tariolarii  and  S.JIaea  are  reputed  to  be  diuretic  snd 
mildly  purKStive,  and  useful  in  dy8pepsi^  headache,  4c.  The  propeities, 
however,  of  all  the  species  teem  to  be  unimporUnt. 

Natur^  Order  13.     Papaveracbs. — The  Poppy  Order. — 
at6T.—Herbi  or  Arubs,  usually  with  a  milky  juice  (white 


rfg.Sli.  Dlagnm  o(  the  flourr  o(  (h«  Poppy,  with 

•eTml  pariBtBl  planntaa. Fig.iji.  Flower  of  < 

(toriun  nnfui).    uf.  Two  Btigmna  on  tba 

pod-UkE  OTarj. tig.  873.    BiUqoBtoiii 

(ctnuium)  ot  Celandine. 

or  coloured).  Leavtg  alternate,  eistipulate.  Sepala  usually  2 
(Jig.  871),  or  rarely  3,  caducous  (fig.  466),  Petals  i  (Jigs.  871 
and  872),  or  rarely  6,  or  some  multiple  of  4,  or  very  rawly 
wantmg  ;  usually  crumpled  in  seativation  {Jig.  871),  hypogynoua. 
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Stamens  generally  numerous  (figs,  871  and  872),  hypogynoun 
(figs.  31  and  872) ;  anthers  2- celled,  innate  (fig,  31).  Ovary 
1 -celled,  with  2  or  more  {fi^s.  618  and  871)  parietal  placentas, 
which  project  more  or  leas  from  the  walls  into  its  cavity,  and  in 
Bamneya  actually  adhere  in  the  axis  ;  styles  absent  (fig.  31)  or 
very  short ;  stigmas  2  (fig.  872,  sti),  or  many  {fig,  31,  sti),  alternate 
with  the  placentas,  and  opposite  the  imperfect  dissepiments  ; 
when  numerous,  they  form  a  star-like  process  on  the  top  of  the 
ovary  {fi^,  31)  ;  ovules  numerous  {fi^.  618).  Fruit  1-celled,  and 
either  pod-shaped  with  2  parietal  placentas  (fi>g,  873),  or  capsular 
with  several  placentas  ;  dehiscing  by  valves  {fig.  873),  or  pores, 
or  sometimes  indehiscent.  Seeds  usually  numerous  ;  embryo  in 
fleshy-oily  albumen  {fi^.  765). 

Diagtwsis. — Usually  herbs  with  a  milky  juice.  Leaves  alter- 
nate and  exstipulate.  Peduncles  1-flowerod ;  flowers  regular 
and  symmetrical.  Calyx  and  corolla  with  a  binary  or  ternary 
arrangement  of  their  parts,  deciduous,  hypogynous.  Stamens 
numerous,  hypogynous  ;  anthers  innate.  Ovary  compound, 
1-celled,  with  parietal  placentas,  stigmas  alternate  to  the 
placentas.     Fruit  1-celled.     Seeds  numerous,  albuminous. 

Distribution,  Examples,  and  Numbers. — Nearly  two-thirds  of 
the  plants  of  this  order  are  natives  of  Europe,  and  are  mostly 
annuals.  They  are  almost  unknown  in  tropical  regions,  and  are 
but  sparingly  distributed  out  of  Europe  in  a  wild  condition. 
Examples  of  the  Genera : — Papaver,  Chelidonium,  Eschscholtzia, 
The  order  includes  above  130  species. 

Properties  and  Uses. — The  plants  of  this  order  are  in  almost 
all  cases  characterised  by  well-marked  narcotic  properties. 
Some  are  acrid,  while  others  are  purgative.  In  a  medicinal  point 
of  view,  this  order  must  be  regarded  as  the  most  important  in 
the  Vegetable  Kingdom,  from  its  yielding  Opium,  undoubtedly 
the  most  valuable  drug  of  the  Materia  Medica. 

Anemone  mexicana^  Mexican  or  Gamboge  Thistle. — The  eeedfl  have 
narcotioo-acrid  properties.  An  oil  may  be  obtained  Ax>m  them  by  expres- 
sion, which  possesses  aperient  and  other  properties,  and  has  been  recom- 
mended as  a  remedy  in  cholera.  In  the  West  Indies,  the  seeds  are  also 
used  as  a  substitute  for  Ipecacuanha.  In  the  East  Indies,  the  oil  is  likewise 
employed  as  an  external  application  in  certain  skin  diseases. 

C/ididonium  majus.  Celandine. — The  Celandine  is  a  native  of  this  country, 
growing  in  the  neighbourhood  of  villages.  It  has  an  orange-coloured  juice 
of  a  poisonous  nature,  which  is  a  popular  external  application  for  the  cure 
of  warts,  and  has  been  used  successfully  in  opacities  of  the  cornea.  It 
has  been  also  administered  internally,  and  is  reputed  aperient,  diuretic,  and 
stimulant. 

Papaver. — P.  mmniferum,  Opium  Poppy. — Opium  is  the  juice  obtained 
by  incisions  from  the  unripe  capsules  of  this  plant,  inspissated  by  sponta- 
neous evaporation.  It  has  been  known  from  earlv  times,  having  been 
alluded  to  by  Hippocrates,  Diagoras,  and  Dioscorides.  Various  kinds  of 
opium  have  been  described  under  the  names  of  Turkey  or  Smvma,  Constan- 
tinople, Egyptian,  Persian,  Europ«an,  Indian,  Chinese,  and  others.  Smyrna 
opium,  wmcn  is  produced  in  Asia  Minor,  is  that  commonly  used  in  this 
conntxy.    Its  consumption  is  largely  on  the  increase ;  thus,  in  188^  the 
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quantity  imported  into  Great  Britain  was  41,000,  and  in  1852,  114,000 
pounds,  and  it  is  much  greater  at  the  present  time.  Thus  the  average  annual 
ex))ort8  of  opium  from  Smyrna  alone  are  now  probably  more  than  800,000 
pounds.  But  India  is  the  great  opium  producing  country,  for  here  the 
quantity  of  opium  produced  annually  is  nearly  12,000,000  pounds.  Of 
this  enormous  (quantity  at  least  8,000,000  pounds  are  exported  to  and 
consumed  in  Chma,  representing  a  market  value  of  about  as  many  pounds 
sterling.  Opium  is  also  now  largely  produced  in  China.  Opium  possesses 
in  a  marked  degree  the  narcotic  properties  of  the  plants  of  the  order  from 
which  it  is  obtained.  In  large  doses  it  is  a  narcotic  poison.  It  is  also 
regarded  as  soporific,  anodyne,  and  antispasmodic.  Its  properties  are  chiefly 
due  to  a  peculiar  alkaloid  called  Morphia,  which  is  combined  with  Meconfc 
Acid.  Its  properties  are  also  due,  to  some  extent  at  least,  to  other  peculiar 
principles  which  it  contains,  as  Codeia,  Narcotia,  Narceia,  Thebaia,  Meconine, 
and  a  number  of  others,  the  properties  of  which  are  but  little  known. 
While  the  juice  obtained  from  the  unripe  pericarp  has  been  proved  to  possess 
3uch  active  properties,  the  seeds  are  bland  and  wholesome.  They  yield  by  ex- 
pression an  oil  which  is  much  used  on  the  Continent  and  in  this  countryj  as  a 
substitute  for  olive  oil  and  for  other  purposes.  It  is  one  of  the  oils  employed 
for  adulterating  olive  oil.  The  cake  left  after  the  oil  has  been  extracted 
may  be  used  for  fattening  cattle.  The  dark-coloured  seeds  are  known  as 
Maw  seed»,  and  are  largely  eaten  by  birds.  They  are  also  used  as  a  medicine 
f(f>r  them. — Fapaver  Rhceat,  the  common  Red  or  Corn  Poppy,  has  scarlet  or 
red  petals,  as  its  name  implies.  A  svrup  prepared  from  these  petals  is  used 
as  a  colouring  ingredient  by  the  medical  practitioner.  The  fresh  petals  are 
also  supposed  to  possess  slight  narcotic  properties. 

Sanguinaria  cnnadentig^  Puccr^on. — The  rhizome  and  rootlets  of  this 
plant,  which  is  a  native  of  North  Anicnca,  contain  a  red  juice,  from  which 
circumstance  it  is  commonly  termed  Blood-root.  This  so-called  root  is  used 
internally  in  large  doses  as  an  emetic  and  purgative,  and  in  smaller  doses 
as  a  stimulant,  diaphoretic,  and  expectorant.  It  is  also  said  by  Eberle  to 
exercise  a  sedative  influence  on  the  heart,  as  certain  as  that  of  Digitalis. 
When  applied  externally,  it  has  been  stated  to  have  well-marked  escharutic 
properties,  and  has  been  used,  combined  with  chloride  of  zinc,  as  an  external 
application  for  the  destruction  of  cancerous  growths ;  but  from  trials  in  this 
country  it  has  been  proved  to  be  valueless  for  such  a  purpose. 

Many  genera  belonging  to  this  order  are  commonly  cultivated  in  our 
gardens,  as  Fapaver ^.Argemonct  Roemeria^  Piatystemonf  Etchtcholtzia^  &c. 

Natural  Order  14.  Fumakiace^.  —  The  Fumitory  Order. — 
Character. — Smooth  herbs  with  a  watery  juice.  Leaves  alter- 
nate, much  divided,  exstipulate.  Sepals  2  (j%.  874),  deciduous. 
Petals  4,  cruciate,  very  irregular,  in  two  whorls  (fig.  874) ; 
one  or  both  of  the  outer  petals  being  saccate  or  spiured  {fi>g. 
876),  and  the  two  inner  frequently  united  at  the  apex.  Stamei^ 
hypogynous,  usually  6,  diadelphous,  the  two  bundles  being  op- 
posite the  outer  petals,  and  containing  an  equal  number  of 
stamens  {figs.  874  and  876),  the  middle  stamen  of  each  bundle 
having  a  2-celled  anther  (fig.  874),  the  two  outer  with  1-celIed 
anthers  (fig.  874)  ;  in  rare  cases  there  are  four  stamens,  which 
are  then  distinct  and  opposite  the  petals.  '  Ovary  superior  (fig. 
875),  1-celled,  with  parietal  placentas  (figs.  874  and  876)  ;  style 
filiform  ;  ^igma  with  two  or  more  points  ;  oviiles  amphitropaL 
Fruit  indehiscent  and  1  or  2-seeded,  or  two-ralved  and  dehii»oent, 
or  a  succulent  indehiscent  pod-like  fruit ;  in  the  two  latter  caaea 
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Diaonosit. — Smooth  herbs,  with  »  wateiy  juice,  and  altamate 
exatipulate  much-dividuil  leaves.  Flowers  very  UTsgular  and 
unsyui metrical,  and  either  purple,  whit«,  or  yellow.  Sepals  2, 
deciduous.  Stameos  hypogynoua,  usually  6,  diadelphous,  or  4, 
distinct,  always  opposite  to  the  petals.  Ovary  superior  with 
parietal  placentas ;  ovuJea  horizontal,  amphitropal.  Embryo 
minute,  abaiial,  in  fleshy  albumen. 

IHilriinituin,  Examples,  atui  N%imbeT3.^-The  plants  of  this 
order  principally  occur  in  thickets  and  waste  places  in  the  tem- 
perate latitudes  of  the  northern  hemisphere.  ExampUs  o/  the 
Genera  .-—Dicentra,  Fumaria.     There  are  about  110  species. 

Properiia  and  Uset. — These  plants  possess  slightly  bitter, 
acrid,  astringent,  diaphoretic,  emmenagogue,  and  aperient  pro- 
perties. The  rhizomes  or  tubers  of  DiceiUra  {CorydalU)  furmoaa 
are  the  source  of  eoryilalin,  which  is  used  by  the  eclectic  prac- 
titioners in  the  Cnited  States  of  America  in  syphilis,  scrofula, 
&C.  ;  but  the  properties  of  this  and  other  plants  of  the  order 
appear  to  be  unimportant.  Some  species  are  cultivated  in  our 
gardens  and  greenhouses.  The  most  important  of  these  is 
Dieentra  (Di^iflra)  apeclabilia,  which  has  very  showy  flowers, 
but,  like  all  other  plants  of  the  order,  it  is  scentless. 

Natural  Order  15.  Ckccife&x  or  Bbassicacej. — The 
Cruciferous  or  Cabbage  Order. — Character. — Herbi,  or  very 
•  rarely  shrubby  plants.  Leave»  alternate,  exstipulate.  FIovxtm 
usufJly  yellow  or  white,  rarely  purple,  or  some  mixture  of  these 
colours  :  infionacence  racemose  (fig.  879)  or  corymbose  ;  usually 
ebtact«ated.  Sepal3i(fig.  878),  deciduous;  Kttivation imbriorte 
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or  rarely  volvite.  p€taU  4  (Jigi.  24,  p,  and  878),  hypogynoug, 
arranged  in  the  form  of  m  Matteie  crou,  alternate  with  the 
sepals,  deciduous.      Slament  6,  tetradjnamous  (Jig.  880,  tc), 
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hypogynouB.  Thalamus  furnished  with  small  green  glands 
(fig.  880,  gl)  placed  between  the  stamens.  Ovary  superior 
(fig.  880),  with  two  parietal  placentas  (figs,  610  and  878),  1-celled, 
or  more  usually  2-celled  (fig,  878)  from  the  formation  of  a 
spurious  dissepiment  called  the  repUim  (fig.  610,  d)  ;  style  none 
(fig.  880)  ;  stigmas  2  (fi^.  881),  opposite  the  placentas.  FruU  a 
siliqua  (figs.  677  and  881),  or  silicula  (fi>gs.  882  and  883),  1  or  2- 
celled,  1  or  many-seeded.  Seeds  stalked,  generally  pendulous 
(fi^s.  881  and  882);  embryo  with  the  radicle  variously  folded  upon 
the  cotyledons  (figs.  766,  767,  768,  884,  and  885) ;  albums 
none. 

Diagnosis. — Generally  ebracteated  herbs.  Sepals  and  petals 
4,  deciduous,  regular,  the  latter  cruciate.  Stigmas  2,  opposite 
the  placentas.  Stamens  tetradynamous.  Fruit  a  siliqua  or  sihcula. 
Seeds  stalked,  without  albumen,  and  with  the  radicle  variously 
folded  upon  the  cotyledons.  No  other  order  is  likely  to  be  eon- 
fouiided  with  this  if  ordinary  care  be  taken,  as  tetradynamous  sta- 
mens only  occtir  here,  except  in  a  very  few  plants  belonging  to  the 
natural  order  CapparidacesR. 

Division  of  the  Order  and  Examples  of  the  Genera. — This  large 
and  truly  natural  order  has  been  divided  into  sub-orders  according 
to  the  nature  of  the  fruit,  and  also  as  to  the  mode  in  which  the 
embryo  is  folded.  The  latter  is  the  only  satisfactory  arrange- 
ment. 

The  sub-orders  founded  on  the  nature  of  the  fruit  are  as 
follows : — 

Sub-order  1.  SilU^tosx. — Fruit  a    siliqua    (fim.  677  and  881), 

opening  by  valves  longitudinally  (fig,  677;.      Examples: — 

Gheiranthus,  Brassica. 
Sub-order  2.  SUiculosa  latiseptx. — Fruit  a  silicula  opening  by 

valves  ;  the  replum  in  its  broader  diameter  (fig.  883).     Ex- 
amples : — Cochlearia,  Armoracia. 
Sub-order  3.  Siliculosx  angustiseptx. — Fruit  a  silicula  opening 

by  valves ;  the  replum  in  its  narrower  diameter  (fig.  882). 

Examples: — Thlaspi,  Iberis. 
Sub-order  4.  Nucum^ntaxx^. — Frtiit    an    indehiscent   silicula; 

often  1-celled,  owing  to  the  absence  of  the  replum.    Example: 

— Isatis. 
Sub-order  5.  SeptuUUaB. — The  valves  of  the  fruit  opening  lonn- 

tudinaUy,  and  bearing  transverse  septa  in  their  interior.     No 

examples  among  British  plants. 
Sub-order  6.  LomerUacea. — Fruit  a  siliqua  or  silicula,  dividing 

transversely  into  1-seeded  portions,  the  true  siliqua  sometimes 

barren  ;  the  beak  placed  above  it  containing  one  or  two  seeds. 

Examples: — Cakile,  Raphanus. 

The  sub-orders  founded  on  the  mode  in  which  the  embryo  la 
folded  are  as  follows  : — 
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Sub-order  1.  Pleiirorhizea  (  Q  =)  (fiy^  768). — Cotyledons 
acoumbent,  flat ;  radicle  lateral.  Examples: — Cheiranthiu, 
Arabia. 

Sub-order  2.  Notorhizex  (OH)  ifi9-  767). — Cotyledons  incum- 
bent, flat ;  radicle  dorsal.     Examples: — Hesperis,  Isatis. 

Sub-order  3.  Orthoplocess  (  O  ^  )  (fi9'  885). — Cotyledons  con- 
duplicate,  longitudinally  folded  in  the  middle ;  ludicle  dorsal, 
witliin  the  fold.     Examples: — Brassica,  Raphanus. 
Sub-order  4.  Spirolobex  (Q  II  II)  {fig^-  766  and  884).— Cotyle- 
dons twice  folded,  linear,  incumbent.      Examples : — Bunias, 
Erucaria. 
Sub-order    5.     Dlplecolohex    (O   II   II   || ).— Cotyledons  thrice 
folded,  linear,  incumbent.   Examples : — Senebiera,  Subularia. 
Distribution  arid  Numbers. — The  plants  of  this  order  chiefly 
inhabit  temperate  climates.     A  large  number  are  also  found  in 
the  frigid  zone,  and  a  few  in  tropical  regions,  chiefly  on  moun- 
tains.    The  order  includes  about  1 ,600  species. 

Properties  and  Uses. — This  order  is  generally  characterised 
by  antiscorbutic  and  pungent  properties,  frequently  combined 
with  acridity  ;  it  is  one  of  the  most  natural  in  the  Vegetable 
Kingdom,  and  does  not  contain  a  single  poisonous  plant.  The 
seeds  frequently  contain  a  flxed  oil.  Many  of  our  commonest 
culinary  vegetables  are  derived  from  this  order. 

Anattatica  hierochuntina^  Rose  of  Jericho. — ^This  plant,  which  is  found 
wild  in  the  deserts  of  Ejxypt  and  Syria,  is  remarkable  for  its  hygrometric 
properties.  Thus,  when  it  is  full  grown,  and  its  branches  have  become  drv 
and  withered,  it  contracts  and  coils  up,  so  as  to  assume  the  form  of  a  ball, 
and  in  this  state  it  is  blo¥m  about  by  the  winds  from  place  to  place  ;  bat 
if  it  be  then  exposed  to  moisture,  it  uncoils,  and  the  branches  expand  a^n 
as  if  again  possessed  of  life.  *  Some  superstitious  tales  are  told  of  it,  among 
which,  it  is  said  to  have  first  bloomed  on  Christmas  Eve  to  sal  ite  the  birth 
of  the  Redeemer,  and  paid  homage  to  His  resurrection  by  remaining 
expanded  tiU  Easter.'  In  Palestine  it  is  termed  *  Kaf  Mary  an,'  Mary's 
Flower. 

Braanca. — This  genus  contains  several  species  which  are  commonly 
cultivated  as  food  for  man  and  cattle.  Brcuaica  Rapa  is  the  common 
Turnip ;  and  the  Swedish  Turnip  is  probably  a  hybrid  between  BnuMiea 
campe»tr{$  and  B.  Rapa  or  Naput^  but  according  to  some  it  is  derived  from 
B.  campestris. — B.  JSaput  yields  Rape,  Cole,  or  Colza-seeds,  from  which  may 
be  expressed  a  large  quantity  of  bland  fixed  oil,  which  is  much  employed 
for  burning  and  other  purposes.  The  cake  left  after  the  expression  of  the 
oil  is  also  used  as-  food  for  cattle,  &c.,  under  the  name  of  Oil-Cake.  The 
seeds  of  B.  chinenaU  yield  Shanghae  Oil. — B.  oUracea^  the  Wild  Cabbage, 
is  supposed  to  be  the  original  species  from  which  have  been  derived,  by^  cul- 
tivation, all  the  varieties  of  Cabbag&i,  Kohl-Rabi,  Greens,  Broccoli,  and 
Cauliflowers.  The  Kohl-Rabi  is  produced  by  the  stem  enlarging  above  the 
ground  into  a  fleshy  knob,  resembling  a  turnip.  Broccoli  and  Cauliflowers 
are  deformed  inflorescences. 

Camelina  §ativa.  Gold  of  Pleasure, — The  seeds  are  stated  to  be  valuable 
as  food  for  cattle.    They  contain  a  large  Quantity  of  oil. 

Cardamine  pratetuit,  Cuckoo-flower.— The  flowers  were  formerly  much 
used  for  their  stimulant  and  diaphoretic  properties,  and  have  kmg  been  a 
popular  remedy  for  epilepsy  in  childreu. 
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Cochlenria. —  C.  Armnrnvia  (Armorucia  rusticuna). — Tlie  root  i?  the  com- 
nu'ii  Ilorx-nidish,  !k>  niuch  used  as  a  condinn'iit.  iS-vt'ral  fatal  caites  of 
poi-oniri^  Waw-  o«curn'(l  I'lom  th«*  substitution  of  A<'oijite  or  MonksluKnl 
root  for  that  of  Horseradish,  which  it  i?  t«uptK>sc(i  to  ro>enibh'.  Fresh  II orso- 
rndish  root  is  otlicial,  and  is  ust'd  in  intMlical  practice  :  trternaUu^  as  an 
iiritant,  rubefacient,  and  vr-icsnt ;  \\\n\  intenuiUy^B»  a  stinuibint,  diuretic, 
aiiii  lujiiticaTory.     Itsvirtufs  (Ii>]»i'nd  u[Min  the  tonnation  of  a  HUiallijaantity 
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seeds  of  Shuqni  iuncea,  a  native  of  India,  posseas  similar  properties  to  those 
of  Black  and  White  Mustard  seeds ;  they  are  official  in  the  Pharmacopoeia 
of  India,  under  the  name  of  Sinapis  ituitca. 

Many  plants  of  the  order  are  favourite  objects  of  culture  in  our  gardens, 
such  as  the  Stock  {Mdtthiola),  Wallflower  {OuirantkuM  Cheiri),  Candy- 
tuft (Iberig  Hmbdlatd)y  Honesty  (Ltmaria  tnennit),  &c. 

Natural  Order  16.  Capparidace^. — The  Caper  Order. — 
Character. — Herbs,  shrubs,  or  rarely  trees.  Leaves  alternate, 
exstipulate  or  rarely  with  spiny  stipulate  appendages.  Sepals 
4(^.  651,  caC),  sometimes  cohering  more  or  less;  aestivation 
imbricate  or  valvate,  equal  or  unequal.  Petals  usually  4  {fig, 
661,  cor),  cruciate,  imbricate,  generally  unequal  and  unguiculate, 
rarely  8,  or  sometimes  none.  Stamens  numerous  or  definite,  if 
6,  very  rarely  tetradynamous,  placed  usually  upon  a  prolonged 
thalamus  or  stalk  by  which  they  are  raised  above  the  calyx  and 
corolla  (fig,  651,  st).  Ovary  {fig.  661,  ov)  placed  on  a  gynophore 
or  sessile,  1-celled  ;  placentas  2  or  more,  parietal ;  style  filiform 
or  wanting;  omi^  amphitropal  or  campylotropal.  Fruit  1-celled, 
usually  many-seeded,  very  rarely  1-seeded,  either  pod-shaped 
and  dehiscent,  or  baccate  and  indehiscent.  Seeds  generally 
reniform,  without  albumen  ;  embryo  curved  ;  cotyledons  leafy. 

Diagnosis, — Herbs,  shrubs,  or  trees,  with  alternate  leaves. 
Sepals  and  petals  4  each,  the  latter  cruciafe,  and  generally  un- 
equal. Stamens  usually  numerous,  very  rarely  tetradynamous, 
generally  inserted  on  a  stalk,  which  raises  them  above  the  calyx 
and  corolla.  Ovary  1-celled,  placentas  parietaL  Fruit  dehiscent 
or  indehiscent,  1-celled.  Seeds  generally  reniform  ;  embryo 
curved ;  no  albumen. 

Division  of  ike  Order  and  Examples  of  the  Genera. — The  order 
is  divided,  according  to  the  natiu^  of  the  fruit,  as  follows  : — 

Sub-order  1.  Cleomeas, — Fruit  capsular  and  dehiscent.  Exam^ 

pies: — Gynandropsis,  Cleome. 
Sub-order  2.  Capparess, — Fruit  baccate  and  indehiscent.    Eocam- 

ples: — Cadaba,  Capparis. 

Distribution  and  Numbers, — The  plants  of  the  order  are 
found  in  tropical  and  subtropical  regions  of  the  globe.  In 
Africa  they  are  especially  abundant.  The  common  Caper  {Cap- 
paris spinosa),  which  inhabits  rocky  places  in  the  south  of 
Europe,  is  the  only  European  species,  and  also  that  one  which 
is  found  farthest  north.    The  order  contains  about  360  species. 

Properties  and  Uses,  — In  their  properties  these  plants  resemble 
in  many  respects  the  Cruciferee,  being  generally  pungent,  stimu- 
lant, and  antiscorbutic.  Some  are  aperient,  diuretic,  and  an- 
thelmintic. In  some  plants  the  pungent  principle  is  highly 
concentrated,  or  probably  is  in  itself  deleterious,  so  that  tnose 
in  which  it  is  found  are  very  poisonous. 

Cbdaba  imdica, — ^The  root  is  reputed  to  be  aperient  and  anthelmintic 
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CmariM. — ^The  flower-bads  of  various  species  of  this  f^ous  are  used  to 
form  tne  well-known  pickle  called  Capers.  Thu%  Canparit  tpimom  is  that 
employed  in  the  south  of  Europe,  C.  fontane$ii  in  Barharv,  and  C,  mgypUaea 
in  Egypt.  C.  tewpticuHx  is  stated  to  be  the  Hyssop  of  Scripture.  Capers 
are  commonly  »timulant,  antiscorbutic,  and  aperienu — C  Sadada  has  a 
small  fruit  which  possesses  an  acrid  peppery  taste,  and  is  an  important 
article  of  food  in  some  parts  of  Africa.  The  fruit  of  one  species,  said  to  be 
allied  to  C.  pulcherrima,  and  which  is  found  in  the  neighbourhood  of 
Carthagena,  is  extremely  poisonous. 

CUxme. — Some  species  are  ver^'  pungent,  and  are  used  as  condiments 
like  our  mustard. 

CniUeva  religiota  is  commonly  employed  amongst  the  natives  in  India 
as  a  stomachic  and  tonic.  The  root  of  C.  gyHondra,  the  Garlic  Pear,  is  said 
to  be  yesicant. 

Gynandropgis  pentaphylla,  a  nntive  of  India,  is  reputed  to  be  antispas- 
modic. The  bruised  leaves  are  rubefacient,  and  even  vesicant ;  and  its 
seeds  are  used  as  a  substitute  for  miutard,  and,  like  mustard  seeds,  contain 
a  fixed  oil. 

Foianiiia. — Some  species  of  this  genus  are  also  employed  like  mustard. 
The  root  of  P.  icomndra  is  used  internally  as  a  vermifuge,  and  externally 
as  a  rubefacient,  &c. 

Natural  Order  17.  Resedaceje. — The  Mignonette  Order. — 
Character. — Herbs,  or  rarely  small  shrvht.  Leaves  alternate, 
entire  or  divided,  ex8ti2)ulate,  or  with  minute  glandular  stiptiles, 
witli  glandular  appendages  at  their  base.  Calyx  with  from  4—7 
divisions.  Petals  2 — 7,  lacerated  (fig.  494),  unequal.  Disk 
fleshy,  hypogynous,  one-sided.  Stamens  definite,  inserted  on 
the  disk.  Ovary  sessile,  1-celled  {fig,  616);  placentas  3  {fig,  616, 
pi)  or  6,  parietal;  stigmas  3,  sessile.  Fruit  opening  at  the  apex 
long  before  the  seeds  are  ripe  {fig.  660),  1-celled,  and  with  3  or 
6  parietal  placentas  ;  or  sometimes  with  a  free  central  placenta. 
Seeds  usually  numerous,  reniform  ;  embryo  without  albumen. 

IHa^gnosis. — Usually  herbs,  with  alternate  leaves  and  unsym- 
metrical  flowers.  Disk  large,  hypogynous,  one-sided.  Stamens 
definite,  not  tetradynanious.  Ovary  sessile,  1-celled  ;  stigmas  3, 
sessile.  Fruit  usually  opening  early  at  its  apex.  Seeds  gene- 
rally numerous,  reniform,  exalbuminous. 

Distribution^  Examples,  and  Numbers, — They  are  chiefly 
natives  of  Europe  and  the  adjoining  parts  of  Africa  and  Asia. 
A  few  occur  in  the  north  of  India,  Cape  of  Good  Hope,  and 
California.  Examples  of  the  Genera: — Reseda,  Astrocarpus. 
There  are  about  45  species  in  this  order. 

Properties  and  Uses. — But  little  is  known  of  their  properties. 
The  plants  are  generally  somewhat  acrid,  and  were  formerly 
supposed  to  be  sedative. 

Reseda. — Reseda  odorata  is  the  Mignonette  plant,  which  is  so  much 
esteemed  for  the  fragrance  of  its  flowers. — Reseda  luteola,  a  common  plant 
in  this  country,  and  known  under  the  name  of  Weld,  yields  a  yellow  aye. 

Natural  Order  18.  CisTACBiE. — The  Rock-Rose  Order. — 
Character. — Shntbs  or  herbs,  often  viscid.     Leaves  opposite 
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or  Kltemat«,  entire,  Btipalato  or  exatipulate.  FUnctri  ahowy. 
Sepali  UHuaUj  5  [fig.  886),  sometimei  3,  penistont,  unequal ; 
estivation  of  the  three  innertiriBted.  Pttalt  usually  6  {fig.  886), 
very  rarely  3,  caducous,  hypogynous,  frequently  corrugated  in 
the  bud,  and  twisted  in  a  reverse  way  to  that  of  the  sepals. 
Stamau  {_Ag,  836),  diatinct,  hypoEynous,  definite  or  indeGnite. 
Owiry  1  ifig.  866)  or  many-coOed  ;  ttyh  single  ;  xtigma  simple. 
Fmit  capsular,  usually  1-celled,  with  3—6,  or  rarely  10  valves  ; 
or  imperfectly  3— 5— 10-celled ;  j>laeejUa»  parietal    {fi^.  886). 

Fio.  886. 


Diagtuiiii. — Leaves  entire.  Sepals  and  petals  with  a  ternary 
or  quinaiT  arrangement,  twisted  in  teitivation  ;  the  former  per- 
siatent,  the  latter  caducous.  Stamens  faypogynoun,  distinct. 
Ovary  with  parietal  placentas  ;  style  sin^e ;  stigma  simple. 
Fruit  capsular.  Seeds  with  mealy  albumen  ;  embryo  inverted, 
curved  or  spiral. 

DistrHnUitm,  ExampUx,  and  N'imberi. — These  plants  are 
most  abnndsnt  in  the  South  of  Europe  and  the  North  of  Africa. 
Some  few  are  found  in  other  parts  of  the  globe.  Ejsamples 
0/  the  G«j«rro ;— Cistus,  Helianthemum.      There  are  about  200 

-These  plants  have  generally  resinous 
Some  are  regarded  as  stimulant  and 


species. 

Proptrtit*  attd  Uaea. 
and  balsamic  propertiei 
emmeoagogue. 


iiubitince  cslleii  Lsdisani  or 
the  Levant,  lad  ftlno  fram  C 
I.  Ladinum  ha«  Itfen  used  as  a 
obsolete.     It  in  still  einployed, 
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Leaves  alternate,  exstipulate,  ii9ually  entire  and  leathery,  and 
very  often  dotted.  Sepals  4—7,  somewhat  united  at  the  base. 
Petals  hypogynons,  distinct,  equal  in  number  to  the  sepals  and 
alternate  with  them,  or  sometimos  absent.  Stamens  nypogy- 
nous,  of  the  same  number  as  the  petals,  or  some  multiple  of 
them.  Ovary  1  or  more-celled,  sessile  or  slightly  stalked  ; 
placevias  2  or  more,  parietal,  sometimes  branched  so  as  to  form 
a  network  over  the  inner  surface  of  the  ovary  and  fruit.  Fruit 
1-celled,  dehiscent  or  indehiscent,  having;  a  thin  pulp  in  its 
centre.  Seeds  numerous,  usually  enveloped  in  a  covering  formed 
by  the  withered  pulp  ;  albumen  fleshy-oily  ;  embryo  straight, 
axial ;  radicle  turned  to  the  hilum. 

Diagiwsis. — Shrubs  or  small  trees,  with  alternate  exstipulate 
leaves.  Flowers  polypetalous  or  apetalous  ;  petals  hypogynous. 
Stamens  hypogynous,  ecjual  in  number  to  the  petals,  or  some 
multiple  of  them.  Fruit  dehiscent  or  indehiscent ;  placentas 
parietal  Seeds  numerous,  albuminous ;  embryo  axial,  straight ; 
radicle  towards  the  hilum. 

Distribution^  Examples,,  and  Numbers. — The  plants  of  this 
order  are  almost  confined  to  the  hottest  parts  of  the  East  and 
West  Indies,  and  Africa.  Examples  of  the  Genera : — Bixa,  Fla- 
courtia.     There  are  about  100  species. 

Properties  and  Uses. — Many  plants  of  the  order  are  feebly 
bitter  and  astringent,  and  have  been  used  as  stomachics  ;  others 
are  alterative,  tonic,  and  emetic.  The  fruits  of  Oncoha  and  of 
some  of  the  Flacourtias  are  edible  and  wholesome  ;  but  those  of 
some  other  plants  are  poisonous.  The  seeds  of  some  species  are 
used  as  dyeing  and  colouring  agents. 

Bixa  Oreilana. — The  seedn  of  this  plant  are  covered  by  a  reddish  pulp, 
from  which  Amatto  or  Annatto  is  morie.  This  U  used  as  a  red  dve,  and  for 
colouring  cheese,  chocolate,  and  butter.  The  seeds  are  said  to  he  cordial, 
astringent,  and  febrif\igal. 

Cochlotpermum  Gongypivm. — According  to  Royle,  the  trunk  of  this  plant 
yields  the  gum  Kuteera,  which  in  the  North-western  Provincea  of  India  is 
used  a^  a  substitute  for  Tra^acantb. 

Gynocardia  odoratcu — The  seeds,  which  are  ofBcial  in  the  Pharmacopoeia 
of  India,  are  known  under  the  names  of  Chaulmugra^  Chaulmogray  or 
Chauhnoogra.  Thev  yield  by  expression  a  fixed  oil  in  which  their  proper- 
tie*  essentially  reside.  The  oil  and  seeds  have  lon^  been  employed  inter- 
nally with  success  in  India,  in  leprosy,  scrofula,  skin  diseases,  and  in 
rheumatism  ;  and  the  oil  has  also  been  of  late  years  used  with  success  in 
this  country  in  similar  diseases.  The  oil  and  seeds,  in  the  form  of  an  oint- 
ment, have  also  been  much  employed  as  a  local  stimulant  in  various  skin 
diseases,  etc. 

Hydnocarpus. — ^The  seeds  of  H.  Wightiana^  Bl.,  and  of  H.  venenata, 
Gllrtn.,  both  of  which  species  were  formerly  confoundfd  together  under  the 
name  of  H.  inebriam,  V  ahl.,  also  yield  fixed  oils,  wltich  have  similar  pro- 
perties, and  are  used  both  externally  and  internally  in  similar  cases  to  the 
seeds  and  oil  of  chaulmugra.  The  fruit  of  H.  venenatuM  is  poisonous,  and 
is  employed  in  Ceylon  for  poisoning  fish. 

Natural  Order  20.  Violace^.  — The  Violet  Order.  — C h  ar  a c- 
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Fig.  888. 


Fio.  889. 


ter. — Herbs  or  shrubs.     Leaves  simple,  stipulate  (Jig.  374),  with 
an  involute  vernation,  alternate  or  sometimes  opposite.     Sepals 

5  (fig,  787),  persistent,  imbricate, 
usually  prolonged  at  the  base. 
Petals  5  (fig.  787),  hypogynous, 
equal  or  unequal,  one  usually 
spurred.  Stamens  equal  in  num- 
ber to  the  petals  (fig.  787),  and 
usually  alternate  with  them,  or 
rarely  opposite,  inserted  on  a 
hypogjmous  disk,  often  unequal ; 
anthers  2-celled,  sometimes  united 
(fi>g.  888),  iutrorse ;  filaments 
short  and  broad  (^i^.  888),  and 
elongated,  so  as  to  project  beyond 

/v^.  888.  Essential  oigftDB  of  the  Pansy    ^^^  anthers  (fig.  522);   when  the 
( Viola  tricolor).  St.  OhiiqrMiy  hooded    flowers  are  irregular,  two  of  the 

the  ba«ie. Pig.  889.  Vertical  sec-     (fig.  888).     Ovary  1-celled  (fig.  32), 

tion  of  the  seed  of  the  Pansy.  ^jth  3  parietal  placentas  (fig.  787) ; 

style  single,  usually  declinate  (fig. 
32) ;  stigma  capitate,  oblique,  hooded  (fig.  888,  st) ;  ovules  usually 
numerous  (fig.  32,  o,  o).  Fniit  capsular,  3-valved,  dehiscence 
loculicidal ;  placentas  parietal,  on  the  middle  of  the  valves  (fig. 
C76).  Seeds  usually  numerous  (fig.  676),  sometimes  definite ; 
embryo  straight,  erect,  in  the  axis  of  fleshy  albumen  (fi^.  889). 

Diagnosis. — Herbs  or  shrubs.  Leaves  simple,  stipulate,  and 
with  involute  vernation.  Sepals,  petals,  and  stamens  5  each, 
hypogynous.  Stamens  all  perfect ;  anthers  introrse  with  the 
filaments  prolonged  beyond  them,  and  sometimes  having  spur- 
like appendages  below.  Ovary  1-celled,  with  3  parietel  pla- 
centas ;  style  and  stigma  single.  Fruit  1-celled,  dehiscing  by 
3  valves,  each  valve  bearing  a  placenta  in  its  middle,  ^eds 
having  a  straight  erect  embryo  in  the  axis  of  fleshy  albumen. 

Division  of  the  Order  and  Examples  of  the  Genera. — The  order 
has  been  divided  as  follows  : — 

Sub-order  1.  Violese. — Having  irregular  flowers  and  appendaged 

anthers.     Examples: — Viola,  lonidium. 
Sub-order  2.  A^ASodex. — With  regular  flowers,  and  anthers  not 

furnished  with  spurred  appendages.     Examples : — Alsodeia, 

Pentaloba. 

Distribution  and  Numbers. — The  herbaceous  plants  of  the 
sub-order  Violeae  are  chiefly  natives  of  Europe,  Siberia,  and 
North  America ;  the  shrubby  mostly  of  South  America.  The 
Alsodeae  are  exclusively  natives  of  South  America,  Africa,  and 
Malacca.     There  are  about  300  species  belonging  to  the  order. 

Pixtperties  and  Uses. — The  plants  of  this  order  are  chiefly 
.remarkable  for  emetic  and  purgative  properties.     A  few  also  are 
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mucilaginous,  and  others  have  been  reputed  to  be  anodyne.  The 
emetic  property  is  due  to  a  peculiar  alkaloid  named  violia,  which 
greatly  resembles,  if  it  be  not  identical  with,  emetia,  the  active 
principle  of  the  true  Ipecacuanha  root.  (See  Cepha^lis.)  This 
principle  is  more  especially  found  in  some  of  the  shrubby  South 
American  species,  but  it  also  occurs,  to  some  extent  at  least,  in 
many  of  the  herbaceous  European  species. 

lonidium. — The  root  of  1.  Ipecacuanha^  Woody  Ipecacuanha,  is  the  False 
Ij)ecacuanha  of  Brnzil  ;  it  w  employed  a.s  an  emetic  in  that  region.  Other 
species  of  lonidium,  as  I.  jMJrviJiorumt  J.  Itubuy  and  other  species,  posses:} 
similar  properties.  The  roots  of  1.  parciftomm  (/.  microph^llumf  Humb. 
and  Dec.)  constitute  the  Cuchunchully  de  Cuen^a,  which  is  much  used  in 
Venezuela  ax  a  remedy  for  elepiiantiajds. 

Vioia. — The  flowers  of  J",  odnrata^  the  March  or  Sweet  Violet,  have  been 
always  highly  esieemed  for  their  fragrance.  An  infusion  or  syrup  of  the 
petals  is  a  useful  chemical  test,  as  its  violet  or  purplish  colour  is  changed 
into  red  by  acids,  and  j^jreen  by  alkalies.  The  syrup  is  employed  partly  on 
acc<iunt  of  its  colour  and  odour,  but  chiefly  as  a  laxative  for  very  young 
children.  The  flowers  were  formerly  regarded  as  anodyne.  The  roots, 
stems,  and  seeds  have  been  also  rej;arued  as  emetic  and  pur^^ative.  They 
contain  vlnlia  or  violin^  a  principle  which,  as  just  stated,  is  closely  analogous 
to,  if  not  identical  with,  emetin. —  V.  pedata^  a  native  of  North  America,  and 
ofliicial  in  the  United  States  Pharmacopoiia,  possesses  similar  properties  to 
V,  odoratn. —  Viola  canina^  the  Do;^  Violet,  is  said  to  be  efficacious  in  certain 
cutaneous  diseases. —  Viola  tricolor,  a  common  indigenous  plant,  is  the  origin 
of  all  our  cultivated  varieties  of  Pan!*ies  or  Heartseai«.  The  Violets  gene- 
rally have  been  used  on  the  Continent  as  demulcent  exi>ectorants. 

Natural  Order  21.  Sai'vagb.siace.«. — The  Sauvagesia  Order. 
— Character. — This  order  is  by  some  botanists  considered 
as  merely  a  sub-order  of  Violacete.  It  is  distinguished  by  its 
plants  having  either  5  perfect  stamens  alternate  with  5  sterile 
ones,  or  numerous  stamens.  If  there  are  only  5  stamens,  these 
are  also  op(K>site  the  petals ;  the  anthers  are  likewise  extrorse, 
and  have  no  api>endages.  The  fruit  also  bursts  septicidally, 
and  hence  each  valve  bears  the  placentas  at  its  margins. 

DistriffutioTij  ExampUs,  and  NmDhera, — They  are  natives 
chiefly  of  South  America  and  the  West  Indies.  Examples  of  tlie 
Genera  :  Sauvagesia,  Lavradia.     Lindley  enumerates  15  species. 

Proptrtus  ami  Uses. — But  little  is  known  of  the  properties  of 
the  plants  in  this  order.  tSartva^esia  erecta  contains  a  good  deal 
of  mucilaginous  matter,  and  has  been  used  internally  as  a  diu- 
retic, and  in  inflammation  of  the  bowels,  and  also  externally  in 
diseases  of  the  eye. 

Natural  Order  22.  Droserace^. — The  Sundew  Order. — 
Character.  — Herbaceous  plants  growing  in  boggy  or  marshy 
places,  frequently  glandular.  Leaves  alternate,  fringed  at  their 
margins  {Jiy.  370),  and  with  a  circinate  vernation.  Inflorescence 
scorpioid.  Sepal4s  and  petals  5,  hypogynous,  equal,  imbricate, 
persistent.  Stamens  as  many  as  the  petals  and  altomate 
with  them,  or  twice,  thrice,  or  four  times  as  many,  distinct, 
withering,  hypogynous  ;  anthers  extrorse.    Ovary  1 -celled,  with 
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parietal  placentation,  superior  ;  slyleaS—b,  distinct  or  connected 
at  the  base ;  ovules  numerous,  anatropal.  Fi-uit  capsular, 
1-oelled,  bursting  by  3  or  5  yaWes,  which  bear  the  placentas  in 
their  middle  or  at  their  base  ;  hence  the  dehiscence  is  loculicidal. 
Seeds  numerous,  with  or  without  an  aril ;  embryo  minute,  at  the 
base  of  abundant  fleshy  albumen. 

Diagnosis. — Bog  or  marsh  herbs,  with  alternate  exstipulate 
leaves,  and  a  circinate  vernation.  Inflorescence  scorpioid. 
Flowers  regular  and  symmetrical,  hypogynous,  with  a  quinary 
arrangement  of  their  parts,  which  are  also  persistent  and  im- 
bricate. Anthers  extrorse.  Placentas  parietal.  Fruit  capsular, 
] -celled,  with  loculicidal  dehiscence.  Seeds  numerous  ;  embryo 
small,  at  the  base  of  copious  fleshy  albumen. 

Dlstrifmtian,  Examples,  and  Numbers, — These  plants  are  found 
in  almost  all  pai-ts  of  tlie  world  with  the  exception  of  the  Arctic 
regions.  Exa/mples  of  tlve  Getiera : — Drosera,  Dionasa.  There 
are  about  90  species  in  this  order. 

Properties  and  Uses. — They  possess  slightly  acid  and  acrid 
properties.  Drosera  rotundifolia  and  D.  longifolia  appear  to 
have  been  very  early  employed  as  a  remedy  for  consumption,  but 
have  now  fallen  into  disuse.  Some  of  the  Drosera^  are  said  to 
be  poisonous  to  cattle,  but  there  is  no  satisfactory  proof  of  such 
being  the  case.  It  has  been  supposed  that  certain  species  of 
Drosera  would  yield  valuable  dyes,  because  they  communicate  a 
brilliant  purple  stain  to  the  paper  upon  which  they  are  dried, 
and  also  from  the  circumstance  of  their  yielding  a  yellow  colour 
when  treated  with  ammonia.  The  plants  of  the  order  are,  how- 
ever, chiefly  interesting,  from  the  peculiar  irritability  of  the 
glands  on  their  leaves.  Thus,  the  Sundews  (Droseras)  are 
fringed  with  beautiful  stalked  glands,  which  close  more  or  less 
in  diflerent  species  when  insects  alight  upon  them ;  while  the 
plant  known  as  Venus's  Flytrap  {Dionma  muscipula)  (Jig.  370),  a 
native  of  North  America,  has  two-lobed  leaves,  each  of  which 
is  furnished  on  its  upper  surface  with  three  stiff  glands,  which, 
when  touched,  cause  the  two  halves  of  the  leaf  to  collapse  and 
enclose  the  object  touching  them.  The  glands  in  these  plants 
secrete  a  viscid  acid  digestive  fluid,  so  that  insects  which  alight 
on  them  are  unable  to  escape,  and  become  ultimately  dissolved 
and  absorbed  for  their  nourishment.  The  acid  present  in  tliis 
fluid  is  said  to  be  citric. 

Natural  Order  23.  Frankeniace.b. — The  Frankenia  or  Sea- 
Heath  Order.  — Diagnosis. — Herbs  or  undershrubs^  much  branched, 
with  opposite  exstipulate  leaves,  and  sessile  flowers.  Calyx 
tubular,  furrowed,  persistent.  PeUds  unguiculate,  4  or  5,  hypo- 
gynous.  Stainens  hypogynous,  distinct.  Ovary  superior,  1- 
celled,  with  parietal  placentas.  Fruit  capsular,  1-celled,  in- 
closed in  the  calyx,  and  dehiscing  in  a  septicidal  manner.  Seeds 
numerous,  minute  ;  embryo  straight,  erect,  in  the  middle  of 
albumen. 
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DistribfUion,  ExampUs,  mid  Numbers.— The  plants  of  this 
order  are  scattered  over  the  globe,  except  in  tropical  India  and 
North  America,  but  they  chiefly  occur  m  the  south  of  Europe 
and  North  of  Africa.  Examples  of  the  Genera: — Frankenia, 
Beatsonia.     There  are  24  species  mentioned  by  Lindley. 

Properties  and  Uses. — Unimportant.  They  have  been  reputed 
mucilaginous  and  slightly  aromatic.  The  leaves  of  a  species  of 
Beatsonia  are  used  at  St.  Helena  as  a  substitute  for  tea. 

Natural  Order  24.  Tabi aricacrs.  — The  Tamarisk  Order.— 
Diagiums. — Shruits  or  herbs,  with  alternate  entire  scale-like 
leaves,  and  spiked  or  racemose  floivers.  Calyx  4 — 5-parted,  im- 
bricate, persistent.  Petals  distinct,  and  attached  to  the  calyx, 
withering,  imbricate.  Stamens  hypogynous  ;  anthers  introrse. 
Chary  superior,  with  3  distinct  styles.  Fruit  1-celled.  dehiscing 
loculicidally  by  3  valves.  Seeds  numerous,  oomose,  without  albu- 
men, and  having  a  straight  embryo,  with  the  radicle  towards  the 
hilum. 

Distribntion,  Examples,  and  Numbers. — The  plants  of  this 
order  usually  grow  by  the  sea-side,  or  sometimes  on  the  mai^ns 
of  rivers  or  lakes.  They  are  most  abundant  in  the  basin  of  the 
Mediterranean,  and  are  altogether  confined  to  the  northern 
hemisphere  of  the  Old  World.  Exximples  of  the  Oen^ra: — 
Tamarix,  Myricaria.     There  are  43  species. 

Properties  and  Uses. — The  bark  of  these  plants  is  astringent, 
slightly  bitter,  and  tonic.  The  ashes  of  some  species  of  Tamarix 
contain  much  sulphate  of  soda. 

Tamarix. — T.  mannifera  produce'*  a  snccharinc  substance,  whicb  i« 
known  under  the  name  of  Mount  Sinai  Manna.  This  isi  considered  by 
Khrenberg  as  an  exudation  produced  by  a  species  of  C^occus,  which  inhabits 
this  plant. — T.  gallica,  T.  orientalis,  and  some  other  specie*  of  Tamarix.  are 
liable  to  the  attack  of  insects,  which  produce  galls  on  their  surface.  These 
galls  are  axtriii^nt,  and  are  sometimes  used  in  meJicine,  and  as  dyeing 
agents  where  astringent  substances  are  required. 

Natural  Order  26.  Elatinace^. — The  Water-Pepper  Order. 
— Dia^gnosis. — Little  annual  plants,  with  hollow  creeping  stems, 
and  opposite  leaves  with  interpetiolar  membranous  stipules. 
Flowers  small  and  axillary.  Sepals  and  petals  3 — 5,  the  latter, 
a.s  well  as  the  stamens,  being  distinct  and  hypogynous.  Ovary 
superi(»r  ;  styles  3 — 6  ;  sti^pnas  capitate.  Fruit  capsular,  3 — 6- 
celled,  placentation  axile  ;  dehiscence  loculicidal.  Seeds  nu- 
merous, exalbuminous ;  embryo  straight. 

Distril»ition,  Examples,  and  Numbers. — The  plants  of  this 
small  order  are  scattered  all  over  the  world.  Examples  of  the 
Geivera : — Elatine,  Merimea.     Lindley  enumerates  22  species. 

Properties  and  Uses. — They  are  generally  considered  acrid, 
hence  the  English  name  of  the  order. 

Natural  Order  26.  Caryophyllacb^. — The  Pink  or  Clove- 
wort  Order. — Character.  — Herbs.  Stems  swollen  at  the  joints. 
Leaves  opposite,  entire,  exstipulate,  often  connate  at  their  base. 
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Inflorescence  various,  cyinose  (fig.  429).  Floxcers  generally  her- 
maphrodite, or  rarely  unisexual.  Sepals  4  or  5  (fig.  890),  distinct 
or  coherent  into  a  tube  (fi^.  455),  persistent  Fetcds  equal  in 
number  to  the  sepals  (^i^.  890),  hypogynous,  unguiculate  (fi^. 
470),  often  deeply  divided  (fig.  469),  sometimes  absent,  fre- 
quently raised  above  the  calyx  on  a  stalk  (fig,  891).  Stamens 
equal  in  number  to  the  serials,  and  then  either  alternate  or  oppo- 
site to  them,  or  usuaUy  twice  as  numerous  (fi^s.  890  and  392)t 
or  rarely  fewer,  frequently  attached  with  the  petals  on  a  stalk 
above  the  calyx  (fi^.  891) ;  filaments  generally  distinct  (^i^.  892), 
or  sometimes  united  at  the  base,  subulate  ;  anthers  innate.    Omry 


Fig.  890. 


Fio.  891. 


Fig.  802. 


riq  890.  Diagram  of  th'^  fl  mw  of  a  siecica  of  Dianthun. /*.<7.  891.  \  cr- 

tical  section  of  the  flower  of  tlio  same. Fig.  892.  Essential  organs  of  a 

Bpeoies  of  Stdlai-ia. Fiif.  H93.  Cui^ulc  of  DUinfha»,  (ichi.-^oing  in  a  valvular 

iSnner  by  four  teeth  at  the  apax. Fig.  894.  Vertical  section  of  the 

seed  of  Chick  weed  (SUlUtria). 

sessile  (fi^g.  892),  or  supported  with  the  petals  and  stamens  on  a 
short  gvnophore  (figs.  697,  g,  and  891),  1-celled  generaUy  (fi^s. 
628  and  029),  or  rarely  2— 6-celled  (figs.  027  and  890) ;  styh^  2 
(fig.  597)  to  5  (figs.  628  and  029),  papillose  on  their  inner 
surface  (fig.  597),  and  hence  should  be  properly  regarded  as 
stigmas ;  omUs  few  or  numerous  (figs.  628  and  029,  g),  amphi- 
tropal.  Fruit  a  1-celled  capsule,  opening  by  2—6  valves  (fig. 
893),  or  by  4—10  teeth  a*i  the  apex  (^i^.  068),  and  having  a  free 
central  placenta  (figs.  628  and  029,  p),  or  rarely  2— 5-celled 
with  a  loculicidal  dehiscence,  and  with  the  placentas  slightly 
attached  to  the  dissepiments.     Seeds  usually  numerous,  rarely 
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few ;  embryo  curved  round  the  albumen  {figs.  772  and  894), 
which  is  of  a  mealy  character. 

IHag^wds. — Herbaceous  plants  with  stems  swoUen  at  the 
joints,  and  opposite  entire  exstipulate  leaves.  Flowers  usually 
henu aphrodite.  Sepals,  petals,  and  stamens  with  a  quaternary 
or  quinary  arrangement,  the  petals  sometimes  absent.  Stamens 
hypogynous  ;  anthers  innate.  Ovary  commonly  1-celled,  styles 
2  —  5;  Capsule  1-celled,  or  rarely  2 — 5-celled  ;  placenta  usually 
free  central,  or  in  the  2 — 5-celled  fruit  slightly  attached  to  the 
dissepiments.  Seeds  with  the  embryo  curved  round  mealy 
albumen. 

Division  of  the  Order  and  Examples  of  the  Genera : — The  order 
has  been  divided  into  three  sub- orders  as  follows  : — 

Sub-order  1.  Ahiti£ff.,  the  Chickweed  Sub-order. — Sepals  dis- 
tinct, and  opposite  the  stamens  when  the  latter  are  equal  to 
them  in  number.     Examples : — Alsine,  Stellaria. 

Sub-order  2.  ^Stlenea,  the  Pink  Sub-order. — Sepals  cohering  into 
a  tube,  and  opposite  the  stamens  when  the  latter  are  equal  to 
them  in  number.     Examples : — Dianthus,  Lychnis. 

Sub-order  3.  Mollngimsej  the  Carpet-weed  Sub-order. — Sepals 
distinct  or  nearly  so,  and  alternate  with  the  stamens  when 
the  latter  are  equal  to  them  in  number.  If  the  stamens  are 
fewer  than  the  sepals,  they  are  then  alternate  with  the  carpels. 
Examples: — Mollugo,  Cwlanthium. 

IHstritnUiim  aiid  Numbers.  — They  are  natives  chiefly  of  tem- 
perate and  cold  climates.  AVhen  found  in  tropical  regions  they 
are  generally  on  the  sides  and  summits  of  mountains,  com- 
monly reaching  the  limits  of  eternal  snow.  The  order  contains 
about  1,060  species. 

Properties  and  Uses. — The  plants  of  this  order  possess  no  im- 
portant properties.  They  are  almost  always  insipid.  Some  of 
the  wild  species  are  eaten  as  food  by  small  animals,  and  some 
have  been  said  to  increase  the  lacteal  secretions  of  cows  fed  upon 
them.  This  is  supposed  to  be  the  case  more  particularly  with 
Vaccaria  vulgaris.  Saponaria  officinalis  has  been  used  in  syphi- 
lis ;  it  contains  a  peculiar  principle  called  saponin.  This  prin- 
ciple has  also  been  found  in  species  of  Lychnis,  Sllene,  Oiicuba- 
lus  ;  and  more  especially  in  Gypsophila  StnUhium,  to  which  latter 
plant  it  communicates  well-marked  saponaceous  properties:  hence 
it  is  commonly  termed  Egyptian  Soap-root.  The  other  species 
in  which  saponin  is  found  also  possess,  to  some  extent,  similar 
properties.     Saponin  is  reputed  to  be  poisonous  in  its  nature. 

Some  of  the  plants  have  showy  flowers,  as  the  species  of 
DianihuSi  SiUne^  and  Lychnis  ;  but  they  are  generally  insigni- 
ficant weeds.  Diarvthns  barbatus  is  the  Sweet- William  of  our 
gardens  ;  D.  plumari%Ls  is  the  parent  of  all  the  cultivated 
varieties  of  the  common  Pink ;  and  D.  CaryophyUuSy  the 
Clove  Pink,  is  the  origin  of  the  Carnation  and  its  cultivated 
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varieties,  \vhich  are  known  commonly  as  Picotees,  Bizarres,  and 
Flakes. 

Natural  Order  27.  Vivianiace^. — The  Viviania  Order. — 
Diagnosis.  —These  plants  are  readily  known  among  the  Thala- 
miflortc  by  their  exstipulate  leaves,  regular  flowers,  valvate 
10-ribbed  calyx,  permanent  withering  twisted  petals,  10  hypo- 
gjrnous  stamens  with  distinct  filaments,  2-celled  anthers  with 
longitudinal  dehiscence,  superior  3-celled  ovary,  3-celled  capsule 
with  loculicidal  dehiscence,  and  albuminous  seeds  with  a  curved 
embryo  and  radicle  next  the  hilum. 

IHstrilnitioiij  Examples,  and  Numbers.  — They  inhabit  Chili 
and  South  Brazil.  Examples  of  tlie  Genera : — Caroarea,  Viviania. 
There  are  15  species. 

Properties  and  Uses, — Unimportant. 

Natural  Order  28.  Malvace^.  — The  Mallow  Order. — 
Character. — Herbs,  shrubs,  or  trees.  Leaves  alternate,  more 
or  less  divided  in  a  palmate  manner  {Jig.  319),  stipulate.  Flowers 
regular,  usually  axillary,  and  often  surroimded  by  an  involucre 
or  epicalyx  (Jigs.  465  and  895).  Sepals  usually  5  (Jigs.  405  and 
895),  rarely  3  or  4,  more  or  less  coherent  at  their  base  (Jig.  465); 
with  valvate  or  some  form  of  circular  aestivation  (Jig.  895). 
Petals  hypogynous,  equal  in  number  to  the  divisions  of  the 
calyx  (Jig.  896),  with  a  twisted  (estivation,  either  attached  to 
the  column  formed  by  the  united  stamens  (Jig.  896)  or  free. 
Stamens  hypogynous,  numerous,  monadelphous  (Jigs.  544  and 
896)  ;  anthers  1-celled,  reniform,  with  a  transverse  dehiscence 
(Jig.  530).  Ovary  consisting  of  several  carpels  (Jigs.  895  and 
897),  which  are  either  apocarpous  (Jig.  897),  or  united  so  as  to 
form  a  compound  ovary  with  as  many  cells  as  there  are  carpels  ; 
placentas  attached  to  the  ventral  sutures  when  the  carpels  are 
apocarpous  (^r^.  898,  pi),  or  axile  when  the  ovary  is  compound  ; 
styles  equalling  the  carpels  in  number  (Jig.  897),  united  or  dis- 
tinct. Fniit  either  a  carcerule,  that  is,  consisting  of  a  number 
of  1-celled,  indehiscent  (Jigs.  700  and  898),  1  or  many-seeded 
carpels  ;  or  a  capsule  with  loculicidal  (Jig.  667)  or  septicidal 
dehiscence,  and  numerous  seeds.  Seeds  sometimes  hairy  ;  al- 
bumen none  or  in  small  quantity ;  embryo  curved ;  cotyledorut 
much  twisted  (Jig.  898,  cj. 

Diagnosis. — Leaves  alternate,  simple,  stipulate.  Flowers 
regular.  Calyx  with  valvate  or  some  form  of  circular  aestivation. 
Petals  twisted  in  aestivation.  Stamens  hypogynous,  numerous ; 
anthers  1-celled,  reniform,  opening  transversely ;  filaments  united 
so  as  to  form  a  column.  Carpels  distinct  or  united.  Seeds  with 
very  little  or  no  albumen ;  embryo  curved  ;  cotyledons  twisted. 

Division  of  the  Order  and  Examples  of  the  Genera. — This 
order  may  be  divided  into  three  tribes  as  follows  : — 

Tribe  1.  Malveae. — Flowers  furnished  with  an  involucre  or  epi- 
calyx (Ji^.  895).  Fruit  consisting  of  separate  carpels  (apocar- 
pous) (Jig.  898).     Examples : — Malva,  Althaea. 
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Tribe  3.  Hihtteeir. — Flowers  furnished  with  an  involucre  (fig. 
466).  Fruit  formed  by  the  union  of  *evenl  c&rpela  (ayncar' 
pom)  (fig.  0C7)-     Exnmplei: — Hibijcus,  GoHypium. 

Tnbe  3.  ShUst. — Floweni  without  an  inTolucre.  Fruit  apocar- 
pous or  syncarpoui.     EiampU : — Sid*. 

Diiitribntion  (i?Ki  Nnmbtn. — These  plant*  are  chiefly  native! 
of  the  tropica  and  the  warmer  parts  of  temperate  regions.  They 
diminish  gradually  as  we  approach  the  north,  and  are  altogether 
absent  in  the  frigid  zone.     There  are  mora  than  1,000  apeciea. 
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c.  Embrro  wttb  twiiMd  cotjlcdoi 

Proi>ertiti  and  Uies.—'Sn  plant  of  this  order  p 
deleterious  properties.  The  order  is  generally  characterised  by 
mucilaginous  and  demulcent  qualities.  From  the  liber  of  many 
species  strong  and  tough  fibres  are  obtained,  and  the  htttrscover- 
ing  the  seeds  of  certain  species  constitute  cotton. 

Ab»lUB„  t$ctdi!iilvm,  Bnieso  do  Deofc  fumi.h™  aa  srtkle  of  diet,  the 
boiled  fluwem  bfing  uard  in  BrKil  b»  s  T^tible.  

Altiimt.—'n»  root  snd  Imvm  of  A.  offitiiudit,  the  Marah-msllow  plsnt. 
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abound  in  mucilage,  particularly  the  root^  and  hence  all  preparations  from 
these  parts  are  demulcent,  and  useful  in  diseases  of  the  mucous  membrane?*, 
&c.  An  emollient  cataplasm  is  also  occasionally  prepared  from  the  lioilcd 
root.  In  France,  Marsh-mallow  is  in  much  greater  request  than  in  this 
country.  A  favounte  preparation  there  is  the  P&te  de  Guimauve,  which  is 
a  kind  of  lozenge  made  with  the  mucilage  of  Althsea  root,  gum-arabic, 
sugar,  and  white  of  egg. — Altfuea  rosea,  the  Hollyhock  of  our  gardens,  has 
similar  properties,  and  the  flowers  are  on  that  account  official  in  Greece. 
From  the  leaves  a  blue  colouring  matter  resembling  indigo  is  obtained. 
Strong  fibres  have  been  also  procured  from  the  bark,  and  used  in  the 
manufacture  of  good  cordage. 

CroMjipiMm.--Several  species  and  varieties  of  this  genus  furnish  cotton, 
which  is  the  hairy  covering  of  their  seeds.  (See  page  64.)  There  appear, 
however,  to  be  three  species  especially,  from  which  our  c*)mmercial  cotton 
is  obtained,  namely,  G.  htrbaceum,  U.  barhadense,  and  G.  peruvianum.  1. 
Goggypium  herhacevtn,  which  is  supposed  by  Masters  to  be  a  cultivated 
variety  of  G.  Stocksii,  a  native  of  Sindh,  yielcis  the  common  Indian  cottons, 
as  Dacca,  Behar,  Nankin,  &c.  Nankin  Cotton  is  remarkable  for  its 
yellowish-brown  colour,  which  colour  was  formerly  thought  to  be  artificial, 
and  produced  by  dyeing,  but  it  is  now  known  to  be  natural  to  it.  2.  G. 
barUidense  is  the  species  which  yields  all  the  best  long  staple  cotton  of  com- 
merce. Thus  from  it  the  much-esteemed  Sea-Island  Cotton  is  obtained, 
as  also  the  New  Orleans,  Georgian,  and  other  cottons  derived  from  the 
United  States.  It  alsoyields  the  Bourbon  cotton  of  India.  3.  G,  peruvianum 
or  acuminatum,  probably  a  variety  of  the  latter,  furnishes  the  S<mth 
American  varieties  of  cotton,  as  Pemambuco,  Peruvian,  Hrnzilian  Cotton, 
&c.  Another  species,  Gosfypium  arboreum,  is  the  Tree-Cotton  of  India, 
which  yields  a  variety  of  a  very  fine,  soft,  and  silky  nature.  This  is  used 
by  the  natives  of  India  for  making  turbans.  The  amount  of  cotton  employed 
for  manufacturing  purposes  in  this  and  other  countries  U  enormous,  although 
the  supply  was  much  interfered  with  by  the  late  American  war :  hence,  since 
that  period,  the  cultivation  in  the  East  Indies,  Africa,  &c.,  of  the  plants 
yielding  it  has  occupied  the  serious  attention  of  the  government  in  this  and 
othei;  countries,  and  large  supplies  are  now  obtained  from  the  East  Indies, 
Egypt,  &c.  The  amount  of  cotton,  however,  produced  in  the  United  States 
during  the  present  year  (1881)  is  the  largest  ever  known,  being  estimated 
to  exceed  7,000,000  bales.  The  increase  in  the  consumption  of  cotton  in 
this  country  may  be  at  once  judged  of  by  the  following  statement.  In  1800, 
the  amount  of  cotton  imported  was  60,0i0,732  lbs. ;  in  1810.  it  had  increased 
to  132,488,935  lbs. ;  in  1820,  to  161,672,655  lbs. ;  in  1830,  to  263,961,452  lbs. ; 
in  1840,  to  592,488,000  lbs. ;  and  in  1850,  to  about  772,000,000  lbs.  This 
latter  amount  is  equivalent  to  about  2,600,000  bales,  each  of  which  averages 
836  lbs.  in  weight,  making  altogether  about  340,000  tons.  It  has  been 
computed  that  the  value  of  this  m  a  raw  state  is  about  30,000,000/.,  and 
when  manufactured  into  cotton  fabrics,  about  three  times  that  amount,  or 
90,000,000/.  Of  thew  about  80,000,000/.  worth  were  exported  from  the 
United  Kingdom,  and  60,000,000/.  worth  consumed  in  this  country.  In  the 
United  Kingdom  there  were  at  the  same  period  about  2,000  cotton  factories, 
using  a  motive  power  eouivalent  to  that  of  90,000  horses,  and  emploving 
3.)0,000  human  beings.  The  above  interesting  statistical  record  will  exhibit 
in  a  prominent  manner  the  immense  importance  of  cotton  to  the  inhabitants 
of  this  country.  From  1850  up  to  the  time  of  the  American  war  the  con- 
sumption of  cotton  enormously  increased  ;  it  then  materially  decreased,  but 
at  the  present  time  the  quantity  consumed  in  this  country  alone  is  probably 
not  less  than  1,500,000,000  lbs. ;  and  by  the  whole  manufacturing  world 
about  double  this  quantity. 

Cotton  is  official  in  the  British  Pharmacopoeia  for  the  purpose  of  pre- 
paring gun-cotton  {Pyroxylin)  from  which  cullodion  and  flexib'e  collodion 
are  directed  to  be  made.  Gc^odion  is  a  valuable  local  application  to 
woundBf  &c.,  and  in  bamB,«kiii  d\aeM«s,  erysipelas,  &c.    Cotton  in  itaelf  is 
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also  a  n.^efnl  application  to  burns  and  inflamed  surfaces.  It  act4  by  ex- 
cludiDf?  the  air,  and  by  keening  the  affected  parts  at  a  uniform  temperature. 
The  seeds  of  the  Cotton-plants,  after  the  cotton  has  been  obtained  from 
them,  upon  being  submitted  to  preft.«ure,  yield  a  fixed  oil,  which  may  be 
employed  for  burning;  in  lamp?,  and  fi)r  other  purposes.  From  80,000  to 
lOO,(><ib  tons  are  imported  annually.  The  oil  has  been  lar^Iy  useil  in  place 
of  olive  oil  for  edible  purposes,  and  for  making  soap.  The  cake  left  after 
the  expression  «>f  the  oil  is  employed  for  fmling  cattle.  A  decoction  of 
cotton  seeds  has  been  employed  in  the  United  States  as  a  remedy  in  inter- 
mi  ttenti*.  Coitnn-root  btirk  is  regarded  in  the  Southern  States  of  America 
as  an  excellent  emmenagogue. 

Hibiscus. — The  unriite  fruit  of  HUnscus  {Abelmaschtu)  escnlentuSy  known  in 
the  East  and  West  Indies  under  the  name  of  Okra,  Gomb<>,  Bendikai,  &c.,  is 
used,  on  account  of  the  ubundance  of  the  mucilage  it  contains,  to  thicken  soup^, 
&c.,  and  in  Western  Africa  in  various  ways  in  the  preparation  of  native  dishes. 
It  also  possesses  valuable  emollient  and  demulcent  properties,  and  may  be 
employed  in  all  cases  where  such  remedies  are  required.  It  is  otRcial  in 
the  Pharmacoftceia  of  India.  The  roasted  seeds  have  t)een  used  as  a  sutMtitute 
f«)r  cotfee.  The  seeds  also  yield  by  expression  an  oil  which  mav  be  employed 
for  edible  and  other  puqwses  like  olive  oil.  The  fibre  of  the  stems  is  also 
valuable  for  pa[>er-making,  and  a  pa'^nt  has  been  taken  out  in  France  for 
this  purpose,  and  the  plant  has  been  introduced  into  Algeria,  The  paper 
prepared  fn^m  it  is  called  bfinda  pnper — AMmoschus  moschatns  derives  its 
specific  name  from  the  musky  (Klour  of  its  seeds,  which  are  regarded  as 
cordial  and  stomachic,  and  arc  sometimes  mixed  with  coffee  by  the  Arabs. 
They  are  also  emplr.yed  a^  a  perfume.  The  powdered  seetls  steeped  in  rum 
are  used  in  the  VVest  Indies  as  a  remedy  against  the  bites  of  serpents. — 
H.  cannabinus  yields  the  valuable  fibre  known  under  the  name  of  Sunnee 
or  Brown  Indian  Homp,  which  is  commonly  used  in  India  as  a  substitute 
for  true  Hemp.  It  i«*  sometimes  termed  Sunn  Hemp,  but  improperly  so, 
as  the  true  Sunn  is  derived  from  Crntalaria  juncea^  a  plant  of  the  order 
Leguminosa^.  (See  Crotalaricu)  Fn)m  the  seals  a  fixed  oil  is  obtained  by 
expression. — Hibiscus  arboreus,  a  native  of  the  West  Indies,  is  also  remark- 
able for  the  tenacity  of  its  inner  bark,  and  it  is  said  by  some  authors  that 
the  whips  formerly  usc<l  by  the  slave-drivers  were  manufactured  from  its 
fibres.  (  See  iMgetia.) —  Hibiscus  Rnsa-sinensis  has  ai^tringent  petals,  which  are 
used  bv  the  Chinese  to  blacken  their  cvebrows,  and  the  leather  of  their  shoes. 
The  expressed  fresh  juice  of  these  petals  is  said  to  form  a  good  substitute  for 
litmus ;  and  an  infusion  of  the  fietals  has  also  been  reputed  useful  as  a  de- 
mulcent refrigerant  drink  in  fevers.  Various  other  species  of  Hibiscus^  as  H. 
striattts,  H.  tiHaceus,  &c.  also  yield  valuable  fibres,  useful  for  textile  fabrics, 
or  for  paper-making. 

Malachra  capiUUa, — The  leaves  are  reputed  to  be  anthelmintic,  and  are 
employe<l  for  such  a  purpose  in  Panama. 

Muiva. — Malta  sylvestris.  the  common  Mallow,  has  similar  properties  to 
the  Marsh-mallow.  (See  Althtea.)  Its  bark  also  yields  strong  fibres. — 
McJta  Aicea.  The  petals  of  this  plant  have  astringent  propeities,  and  yield 
a  black  dye. 

Paritium  elatum. — The  material  known  as  Cuba  Bast,  now  largely 
used  by  gardeners  for  tying  up  plant*,  &c.,  is  prepared  from  the  liber  of 
this  tree.  Cuba  Bast  is  also  employed  for  tying  up  the  bundles  of  Havannah 
cigars. 

Pavonia  diuretica  derives  its  specific  name  from  its  supposed  diuretic  pro- 
perty, for  which  purpose  it  is  used  in  Brazil. 

iSieia. — Sida  micraniha  and  other  species  supply  fibres  useful  in  the  manu- 
facture of  cordage,  &c.  Rocket-sticks  are  also  obtained  from  the  stems  of  S. 
micraniha. —  Sida  cordifolia  and  iS.  mauritiann  have  demulcent  and  emollient 
properties. — ^.  lancenfata  has  a  verv  bitter  root,  which  is  reputed  to  be  a 
valuable  stomachic  The  roots  of  ^.  retusa  and  other  species  are  held  ia 
esteem  by  the  natives  of  India  in  the  treatment  of  rheumalvsm. 
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Many  plants  of  the  order  have  show}'  flowers,  and  are  cultivated  in  our 
irardens  and  stoves  ;  for  example,  the  Althsea  rosea  (Holly heck),  Ahutilon, 
H'biscuSf  Sida,  &c. — Hihiacua  mutnbiih  is  remarkable  for  the  changing 
colour  of  its  flowers,  which  vary  in  a  single  day  from  a  cream-coloured  rose 
to  a  rich  r>  se  or  pink  colour. 

Natural  Order  29.  Sterculiacb^. — The  Silk-Cotton  Order. 
— Character. — Trees  or  shrubs.  Leares  alternate,  simple  or 
compound,  with  deciduous  stipules.  Flov?ers  usually  perfect, 
sometimes  by  abortion  unisexual,  regular  or  irregular,  often  sur- 
rounded by  an  involucre.  Calyx  and  corolla  resembling  the 
Malvaceie,  always,  however,  having  five  parts ;  but  the  petals 
are  sometimes  absent.  Stamens  united  by  their  filaments  into 
a  column,  indefinite  ;  anthers  2-celled,  extrorse.  Carpels  3  or 
5,  either  distinct  or  united  so  as  to  form  a  compound  ovary, 
often  stalked  ;  styles  equal  in  number  to  the  carpels,  distinct  or 
united ;  ovules  usually  definite,  sometimes  indefinite.  Fniit 
either  composed  of  a  number  of  follicles,  or  capsular  (^i^.  701), 
or  rarely  baccate.  Seeds  with  fleshy-oily  albumen  or  none  ;  em- 
bryo straight  or  curved  ;  cotyledons  either  plicate  or  rolled  round 
the  plumule. 

l>mf/no*is.  —  The  plants  of  this  order  are  at  once  known 
among  the  Thalamiflorae  by  their  valvate  6-parted  calyx  ;  twisted 
corolla  consisting  of  5  distinct  petals  ;  numerous  perfect  stamens 
united  by  their  filaments  into  a  column  ;  and  2-celled  extrorse 
anthers.  The  character  presented  by  the  anthers  should  be 
particularly  noticed,  as  that  alone  at  once  distinguishes  them 
from  the  Malvaceie  and  Byttneriacete,  which  in  many  other 
respects  they  closely  resemble  ;  indeed,  the  latter  order  is  now 
frequently  combined  with  the  Sterculiaceie.  It  should  also  be 
observed,  that  the  flowers  of  some  of  the  Sterculiacese  are  uni- 
sexual by  abortion. 

Distribution  and  Numbers. — Natives  of  the  tropics  or  of  very 
warm  regions.     About  130  species  belong  to  this  order. 

Properties  and  Uses. — In  their  properties  the  plants  of  this 
order  resemble  the  Malvacen* :  thus,  they  are  generally  mucila- 
ginous, demulcent,  and  emollient  ;  some  have  a  hairy  covering 
to  their  seeds  ;  and  others  yield  useful  liber-fibres.  The  cottony 
covering  of  their  seeds,  and  the  fibres  yielded  by  plants  of  this 
order,  are  not,  however,  to  be  compared  in  importance  to  the 
similar  products  of  the  Malvacese.  Some  plants  are  reputed  to 
be  diuretic,  emetic,  or  purgative. 

Adantonia. — A.  digitata,  the  Baobab-tree. — The  fruit,  commonly  known 
as  Monkev- bread  or  Kthiopian  Sour-^ourd,  has  its  seeds  surrounded  by  a 
large  quantity  of  a  starchy  pulp  wish  an  acid  flavour  much  resembling 
cream  of  tartar.  Its  acid  nature  is  said  to  be  due  to  malate  of  potagsium. 
This  forms  a  wholesome  and  agreeable  article  of  food.  VVhen  mixed 
with  water  it  is  used  as  an  acid  drink,  which  is  regarded  as  a  specific  in 
putrid  and  pestilential  fevers.  It  is  also  employed  in  Egypt  in  d5'sent^ry. 
All  parts  of  the  tree  possess  emollient  and  demulcent  properties.  Its  ^w* 
dered  leaves  are  used  by  the  Africans  under  the  name  of  Lalo,  mixed 
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with  thfir  daily  food,  to  check  excwsive  percpiration.  Tliis  property  is 
owing  to  the  prer<ence  of  an  astringent  matter;  hence  thev  have  been  foand 
(lerviceable  in  diarrhoea.  Sec.  The  bark  is  said  to  be  febrifugal,  and  its 
liber-tibres  are  emplox  ed  by  certain  African  tribes,  living  where  the  tre«  is 
common,  in  the  manufacture  of  various  articles  of  dress,  cordage,  &c.  The 
Baobab-tree  is  also  remarkable  for  its  enormous  size,  and  the  great  age  to 
which  it  attains,  in  some  cases  reputed  to  be  several  thousand  vears.  One 
tree  of  this  specie**  has  been  found  to  have  a  trunk  from  90  to  10^  feet  in  cir- 
cumference. Their  hollowed  trunks  are  use<l  bv  the  natives  in  some  dis- 
tricts of  Africa  as  burial-places  for  such  of  their  dead  as  are  believed  to 
have  communion  with  evil  spirits.—^.  Gregorii. — The  fruit  of  this  tree, 
which  is  a  native  of  N.  Australia,  where  it  is  known  as  Sour-gourd  and 
Cream- of-tartar  tree,  has  similar  properties  to  that  of  A.  diffttata. 

Bombar. — B.  Ceiba.  the  Silk-Cotton  tree  of  South  America,  and  B,  pen- 
tandrum,  the  Silk-Cotton  tree  of  India,  are  both  remarkable  for  their  Mze 
and  height.  The  seeds  of  the.se  plants  are  covered  by  long  silky  hairs  ;  hence 
their  common  name.  But  these  hairs  cannot  be  spun  like  those  of  ordinary 
cotton,  chietly  on  account  of  the  smoothness  and  want  of  adhesion  between 
their  sides,  and  are  therefore  useless  for  manufacturing  purposes.  They  are 
employed,  however,  in  many  parts  of  the  world  for  stuffing  cushions,  &c. '  The 
bark  of  B.  pentandrum  is  reputed  to  be  emetic. 

Chorisia. —  C.  ipecioaa  has  its  seeds  covered  with  pilky  hairs,  which  are 
used  for  stuffing  cu:«hions,  &c.  This  material  is  termed  Vegetable  Silk. 
The  bark  of  C.  critpifitira  is  emploved  for  making  cordage  in  Brazil. 

Durh  zibethinu*. — This  tree,  which  is  about  the  size  of  the  ordinary  pear- 
tree,  yields  the  fruit  called  Dunan,  which  is  highly  esteemed  in  the  south- 
ea  tern  {tarts  of  Asia,  being  accounted  next  in  value  to  the  Mangostcen.  It 
has,  however,  a  strong  smell,  which  renders  it  disagreeable  at  first,  but  this 
quality  is  soon  forgotten  after  the  palate  has  become  familiar  with  it. 

Erioilendron  Samauma^  a  native  of  South  America,  is  reroarkab!e  for  its 
great  hei;;ht.  Its  trunk  frequently  overtops  all  the  surrounding  trees  before 
it  gives  off  a  single  branch.  The  hairy  covering  of  the  seeds  of  various 
speties  of  Kriodendron  is  employed  for  stuffing  cushions  and  similar  pur- 
poses. 

Ochmma  Laqopus,  a  West  Indian  tree,  has  an  nnt {syphilitic  bark,  and  a 
sponiry  w<KMi,  which  is  cometimes  u«ied  as  a  substitute  for  cork. 

Saimaiia.— The  bark  of  some  species  of  this  genus  is  said  to  be  emetic, 
and  honey  obtained  from  the  tiuwers  of  S.  malabarua  is  commonly  regarded 
as  both  emetic  and  purgative. 

Sterculia. — The  seeds  of  Sterctdia  {Cnla)  acuminata,  and  probably  of 
other  species,  constitute  the  Rola-nuts  of  tropical  West  Africa,  and' the 
Guru-nuts  of  Soudan.  They  are  largely  used  in  various  parts  of  AfHca  as 
food  and  medicine,  and  are  also  commonly  stated  to  be  employed  to  sweeten 
water  which  has  become  more  or  less  putrid.  Thcr  use,  however,  as  a  puri- 
fier of  water  is  denied  by  Dr.  Daniell.  The  latter  made  the  interesting 
discovery  (which  was  confirmed  by  Dr.  Attfield),  of  the  presence  of  Meta, 
the  alkaloid  of  tea,  &c.  in  Kola-nuts.  The  seeds  of  other  species  of  Ster' 
culia  are  also  eaten  in  different  parts  of  the  globe.  This  is  the  case  with 
S.  Chica,  and  ^.  Uuiantha  in  Brazil;  and  S.  nobUis  in  Asia. — Sterctdia 
Tragacantha,  a  native  of  Sierra  Leone,  receives  its  specific  name  from  yield- 
ing a  gum  resembling  Tragacanth.  It  is  termed  African  Tragacanth, 
and  has  been  stated  by  Dr.  FlUckiger  to  be  a  good  substitute  for  the 
official  Tragacanth.  (^  Astragalus^ — 5.  urenSj  a  native  of  Coromandel, 
yields  a  gum  of  a  similar  nature,  which  is  called  Gum  Kutteera.  (See  also 
Cochiospermum.)  The  fruit,  seeds,  leaves  or  bark  of  other  species  of  Stercuiia 
are  also  used  for  various  purposes  as  medicinal  agents  in  different  parts  of 
the  globe.  The  seeds  of  all  the  species  contain  a  fixed  oil,  which  may  be 
used  for  burning  in  lamps,  Ike.  According  to  Hooker,  5.  vUiaaa  and  S, 
guttata  yield  fibres,  from  which  ropes  of  excellent  quality,  and  cloth  are 
made. 
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Natural  Order  30.  Byttneriacr*. — The  Chocolate  Order. — 
Character. — Trees,  shrubs,  or  undershruhsy  sometimes  climb- 
ing. Leaves  simple,  alternate,  with  usually  deciduous  stipules. 
CiUyx  4 — 5-lobed,  valvate  (fia.  440).  CoroUa  absent,  or  having 
aB  many  petals  as  there  are  lobes  to  the  calyx,  either  twisted 
or  indupUcate  in  aestivation  {Jig.  441),  permanent  or  deciduous. 
Stameiis  hypogynous,  equal  in  number  to  the  petals  and  opposite 
to  them,  or  twice  as  numerous,  or  indefinite  ;  when  the  stamens 
are  more  numerous  than  the  petals  some  are  always  sterile  ;  Jila- 
ments  more  or  less  united  ;  anthers  2-celled,  introrse.  Ovary 
sessile  or  stalked,  composed  of  4 — 10  carpels  united  round  a 
central  column  ;  style  simple  ;  gtigmas  equal  in  number  to  the 
carpels  ;  ovules  2  in  each  cell.  Fniit  usually  capsular,  with  a 
loculicidal  dehiscence,  or  indehiscent,  or  the  fruit  separates  into 
its  component  parts  when  ripe — that  is,  in  a  septicidal  manner. 
Embryo  generally  lying  in  a  small  quantity  of  fleshy  albumen, 
straight  or  somewhat  curved  ;  cotyledons  plaited  or  spiral. 

Diagnosis, — The  only  orders  likely  to  be  confounded  with 
this,  are  the  Sterculiaceae,  Malvaceae,  and  Tiliaceae.  From  the 
former,  it  is  at  once  distinguished  by  its  introrse  anthers,  and 
by  the  stamens  being  definite,  or,  if  more  numerous  than  the 
petals,  from  some  of  them  being  always  sterile.  The  Byttneriaceae 
are,  however,  now  more  frequently  regarded  as  only  a  division 
or  tribe  of  the  Sterculiaceae.  From  the  Malvaceae,  it  is  known 
by  its  2-ceUed  anthers,  by  the  stamens  being  frequently  equal  in 
number  to  the  petals  and  opposite  to  them,  or  if  more  numerous 
some  of  them  being  sterile,  and  also  from  the  filaments  not 
being  united  into  so  evident  a  column.  From  the  Tiliaceae,  it  is 
distinguished  readily  by  its  monadelphous  stamens,  and  by  the 
absence  of  a  disk. 

Distribution,  Examples,  and  Numbers. — They  are  chiefly 
tropical  plants,  but  some  species  of  the  order  are  found  scattered 
in  almost  every  quarter  of  the  globe,  except  Europe.  Examples 
of  the  Genera : — Byttneria,  Theobroma,  Guazuma.  There  are 
about  400  species. 

Properties  and  Uses. — These  plants  have  properties  resem- 
bling the  Malvaceae  and  Sterculiaceju  :  thus,  some  are  mucilagi- 
nous, as  WcUtheria  Douradinha,  the  species  of  Pterospermum,  the 
young  bark  of  Guaxuma  ulmifolia,  and  the  bark  of  Abnyma 
atigustum,  Dombeya  spectabUis,  &c.  The  fruit  of  Chiazuma  ulmi' 
folia  contains  a  sweetish  mucilaginous  agreeable  pulp,  which  is 
eaten  in  Brazil. 

Theobroma  Ccteao,  the  Cacao  or  Cocoa-tree.  This  tree,  by  far  the  mont 
important  plant  of  the  order,  is  a  native  of  Demerara  and  Mexico,  and  it  is 
extensively  cultivated  in  the  West  Indies,  Centml  America,  Mauritias,  &c. 
From  its  seeds  Cacao  or  Cocoa,  nnd  Chocolate  are  prepared.  In  the  manu- 
facture of  Chocolate^  the  seeds  are  first  roasted,  then  divested  of  their  husin 
and  ground,  and  afterwards  triturated  in  a  mortar  with  an  equal  qnantity 
ofaugar,  to  which  some  vanilla  or  cinnamon  is  added  for  flavouring,  and 
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a  small  quantity  of  Arnatto  as  a  colouring  apT'iit.  All  the  finer  qualitieii 
are  thus  prepared,  but  the  flavouring  of  the  inferior  xindit  18  sometimes  pro- 
duced by  adding  Sassafra^s  nuta,  cloves,  or  some  other  aromatic.  Chocolate 
derive.-*  its  name  from  the  Indian  term  chocolat.  Cocoa  is  either  preparcNi 
by  grinding  up  the  roasted  seeds  with  their  outer  sheila  or  husks  between  hot 
cylinders  ink)  a  paste,  which  is  then  mixed  with  starch,  sugar,  Ac, — this 
forma  common  cocoth  rock  cocoa,  atiuhU  cocoa^  &c.,^-or  the  roasted  seeds 
divested  of  their  husks  are  broken  into  small  fragments,  in  which  state 
they  form  cocoa  nihs,  the  purest  state  of  Cocoa.  The  husks  of  the  Cocoa 
seeds  are  alst>  sometimes  used  by  the  poorer  classes  of  Italy  and  Ireland  in 
the  preparation  of  a  whr>lesoine  and  agreeable  beveraire;  they  are  imported 
from  Italy  under  the  name  of  *  miserable.'  Both  Cocoa  and  Chocolate  are 
used  for  the  preparatitm  of  agreeable  and  nutritionn  beverages.  These 
beverages  are  not  so  stimulating  as  Tea  and  Coffee,  but  they  di^^agree  with 
many  person**  on  account  of  their  fatty  or  oily  nature.  The  generic  name, 
Thcobruma^  Wrts  given  lo  this  tree  by  Linnnsus,  signifying  *fot)d  of  the  gods,* 
to  mark  his  opinion  of  the  nutritious  and  agreeable  nature  of  the  beverages 
prepared  from  its  seeds ;  but  Belzoni,  a  iravellcr  of  the  sixteenth  centurv, 
regarded  them  in  a  very  different  light,  for  he  declared  that  Cocoa  was  a  dririk 
*  fitter  for  a  pig  than  ft>r  a  man.'  Cocoa  seeds  owe  their  pro|)ertie8  chietly  to 
a  |>eculiar  alkaloid,  named  theobromine  which  resembles  thcin,  the  alkaloid 
contained  in  China  Tea  (»ee  Thea),  &c.,  and  to  a  concrete  oil  or  fat  called 
Butter  of  Cocoa,  which  wmstitutes  about  half  their  weight.  It  has  been 
computed  that  Cocoa  and  Chocolate  form  the  common  unfermented  lieverages 
of  about  fiftv  million  persons  in  Spain,  Italy,  France,  nnd  Central  America, 
and  that  the  consumption  of  Cocoa  in  these  countries  annually  is  over 
100,000,000  lb?*.  Cocoa  is  also  mm  largely  used  in  Britain  ;  and  its  use  has 
much  increased  of  late  vears.  1  hus  the  consumption  in  1820  was  only  about 
276,000  lbs.;  in  1866 'it  was  4,583,121  lbs.;  in  1873  over  8,000,000  lbs.; 
and  it  is  now  estimated  to  exceed  10,000,000  lbs.  annually.  From  the 
pulp  which  surrounds  the  seeds  a  |)eculiar  kind  of  spirit  is  distilled. 

The  concrete  oil  has  been  made  official  in  the  British  Pharmaoopreia.  It 
enters  into  the  com|)osition  of  the  suppositories  ordered  in  that  volume.  In 
itself  it  possesses  emollient  properties.  It  is  especially  valuable  from  not 
readily  l>ecoming  rancid  by  exposure  to  the  air. 

Natural  Order  31.  Tiuace.e. — The  Lime-tree  or  Linden 
Order. — Character. — Trees,  shrn})A,  or  rarely  herhti.  Leaves 
simple,  alternate  (fig  285),  with  deciduous  stipules.  Sepals  4 
or  5  (figs.  899  and  901),  distinct  or  coherent,  valvate  in  (estiva- 
tion (fig.  899),  deciduous.  Petals  equal  in  number  to  the  sepah* 
(fig.  899),  or  rarely  wanting,  imbricated.  Staineiis  hypogynous 
(fig.  900),  usually  numerous  (fi^s.  899-901),  distinct  (fig.  901) 
or  polyadelphous  (fi^.  552) ;  an*/u?rs  2-celled(^«.  520  and  900), 
opening  longitudinally  or  by  pores  at  the  apex.  Disk  glanduhir, 
hypogynons.  Carpels  2—10,  which  are  generally  united  so  as  to 
form  a  compound  many-celled  ovary  (fig.  899),  sometimes  dis- 
united ;  plarentas  axile  (fig.  899) ;  stylp  1  (figs.  900  and  901)  ; 
gtigmas  equal  in  number  to  the  carpels.  Fruit  dry  or  pulpy, 
sometimes  samaroid,  usually  many -celled,  or  rarely  1-celled  by 
abortion.  Seeds  solitary  or  numerous  ;  embryo  erect,  straight,  in 
the  axis  of  fleshy  albumen  ;  cotykdmis  flat  and  leafy  (fig.  753,  c, 
e)  ;  radicle  next  the  hilum. 

Diagnosis. — This  order  resembles,  in  many  respects,  theMal- 
vacesBy  Sterculiacese,  and  Byttneriacese.     It  may  be  at  once  dis- 
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not  being  monadelpboua,  amTby  the  anthers  being  2-ce)led. 
From  all  other  Th^amiflorte  the  plants  of  thi«  order  may  be 
known  b;  their  alternate  simple  Btipulata  leaves  ;  valvate  Ketiva- 
tion  of  calyx,  which  in  aUo  deciduous  ;  floral  envelopes  in  4  or 
6  diviaiona  ;  atamons  either  distinct  or  polyadelphous  ;  anthers 
Swelled  ;  hypogynous  glandular  disk  ;  many-celled  fruit  with 
Kiile  placentas  ;  and  embryo  erect,  straight,  in  the  axis  of  fleshy 
albumen. 

IHeUion  of  the  Order  and  E-MtinpUi  of  tht  Oenera. — The  order 
has  been  divided  into  two  tribes,  aa  follows  :  — 

Flo.  899.  Fio.  901, 


Tribe  1.  riiiwi.— Corolla  with  entire  petals,  or  wanting;  anthers 
dehiscing  longitudinally.     ExampUj^ ;— Corchonis,  Tilia. 

Tribe  2.  EUaKarpete. — Petals  divided,  anthers  opening  at  the 
apex.     Examplet  .-^Elieocarpus,  Vallaa. 

Dxttribution  aitri  Niimheri. — A  few  are  found  in  the  northern 
parts  of  the  world,  where  they  form  la:^e  trees  ;  but  the  plants 
of  this  order  are  chieUy  tropical,  and  are  there  found  as  herbs, 
shrubs,  or  trees.     There  are  about  350  species, 

Propertia  niwi  Uses. — In  their  properties  the  Tiliaoea  re- 
semble the  MaWaceie.  They  are  altogether  innocuous,  and  are 
generally  mucilaginous,  eniolUent,  and  demulcent.  Hany  of 
them  aJso  jield  fibres,  which  are  much  used  for  manufacturing 


DIPTERACE^  463 

purposes.      Some  are  valuable  timber-trees,   and   some  have 
edible  fruits. 

Arutoteiia. — A.  Maaui  hitfl  an  edible  fruit,  and  from  it  a  kind  of  wine 
in  also  made  in  Chili,  which  Ls  ^ven  in  fevers  of  a  malignant  type.  The 
fibres  of  the  bark  and  the  wood  have  been  uned  in  the  manufacture  of 
musical  in-Hramenta  In  New  Zealand  the  fruits  of  A.  racem>9a,  the 
Mako-Mako,  are  al»o  eaten. 

Corchorus. — The  fibre's  obtained  from  the  bark  of  Gtrchorua  ctxptularit, 
the  Jute  Plant,  arc  commonly  known  under  the  name  of  Jute  or  Jute-hemp. 
This  Hbre  is  of  a  very  valuable  nature,  and  is  now  imported  in  enormous 
quantities  into  this  country,  where  it  is  used  chiefly  in  the  manuf^ture  of 
coarse  ba;^,  and  as  a  foundation  for  inferior  carpets,  &c.  It  is  also 
freouently  mixed  with  silk  in  the  manufacture  of  cheap  satin  fabrics ;  and 
is  hkewise  employed  as  a  substitute  for  hair,  and  in  the  manufacture  of 
chignons,  &c.  It'  does  not  appear  to  be  well  adapted  for  sailcloth  or  cord- 
age, because  it  will  not  bear  exposure  to  wet.  The  imports  in  1875  were 
over  500,000,000  lb-*,,  the  value  of  which  was  2,Bd2,22(;/.,  of  which  only 
abiut  80,000,000  lbs.  wer<5  exported.  In  India  it  is  used  chiefly  for  the 
purpose  of  making  the  coarse  canvas  called  Gunmyy  which  is  the  material 
employed  there  for  the  bags,  &c.,  in  use  for  packing  raw  produce. — Corchoru$ 
oliUirin*,  commonly  called  Jew's  Mallow,  is  used  m  some  parts  of  the  world 
as  a  pot-herb ;  it  is  also  one  of  the  sources  of  Jute.  In  Panama,  the  leaves 
of  C.  mompoxemis  are  infused  in  boiling  water,  and  the  infusion  is  thsn 
taken  as  a  sub«titute  for  tea. 

Kfmtcarput. — E.  {Ganitrus)  urratui. — The  fruiU  arc  commonly  kijown 
under  the  name  of  Molucca  Berries.  When  the  fruit  is  divestetl  of  its  pulp, 
the  endocarp,  which  is  hard  and  bony,  and  beautifully  furrowed,  is  u4e;lfor 
making  necklaces.  These  are  fret^uently  brought  as  presents  from  Indin, 
and  are  also  occasionally  sold  in  this  country.  The  fruits  of  some  species  of 
Elmocarpug  are  eaten,  while  others  are  used  in  the  preparation  of  Indian 
curries.  The  bark  of  E.  Hinau  (dentatua)  aflfurds  an  excellent  dye,  varving 
in  colour  from  brown  to  puce  or  nearly  black.  It  is  employed  in  iCew 
Zealand  for  dyeing  the  garments  of  the  natives.  It  is  also  useful'as  a  tanning 
agent. 

Grewin, —  Grewia  tapida^  G.  asiatica,  and  other  species^  have  pleasant 
acid  fruits,  and  are  used  in  the  Rist  for  making  Sherbet — Grtwia  etastica 
affords  valuable  timber. 

Liihm  grandiftora. — The  bark  is  astringent,  and  i^  employed  in  Brazil 
for  tanning  leather.  The  wood  of  other  species  is  used  for  various  purposei 
in  Brazil,  as  for  making  soles  to  boots,  musket-stocks.  &o. 

TUia  europtea^  Common  Lime  or  Linden  Tree. — The  inner  bark  is  em- 
ploye<l  in  the  northern  parts  of  Europ?,  more  particularly  in  Ru^ia,  in  the 
manufacture  of  mats,  which  are  commonly  known  as  Russian.  Bant,  or  Bass 
mats.  This  Bast  is  one  of  the  substances  employed  by  gardeners  for  tying  up 
plants.  The  flowers  arc  very  fragrant  when  fresh,  and  an  infusion  of  them 
is  much  used  on  the  Continent  for  its  expectorant  and  antispasmodic  pro- 
perties. The  wood  of  this  and  other  8|)ecies  of  Tiiiti  is  very  white  and 
smooth,  and  is  employed  for  various  purposes,  as  for  carving,  wainscot- 
ing, &o. 

Triumfelta. — Several  species  of  this  genus  have  astringent  and  mucila- 
ginous  leaves  and  fruits,  and  arc  employed  in  Brazil  for  making  injections, 
which  are  reputed  to  be  useful  in  gonorrhoea. 

Vallca  cordi/oiia. — The  IcAves  are  used  for  the  purpose  of  dyeing  yellow. 

Natural  Order  32.  DiprsRACEiE. — Tiio  Sumatra  Camphor 
Order. — Character. — Large  trees  with  a  resinous  juice.  Leive^i 
alternate,  involute^  feather- veined,  with  large  convolute  deci- 
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duous  stipules.  Calyx  5-lobed,  tubular,  unequal,  persistent, 
imbricated,  ultimately  enlarged  into  winglike  expansions.  Petals 
6,  hypogynous,  often  coherent  at  the  base  ;  aRdivation  twisted. 
Stamens  numerous,  hypogynous,  distinct  or  united  in  an  irre- 
gular manner  by  their  filaments  so  as  to  become  somewhat  poly- 
adelphous ;  a/nthers  innate,  2-celled,  subulate,  prolonged  above 
or  beaked.  Ovary  superior,  3-celled,  omdes  pendulous  ;  style 
and  stigma  simple.  Fruit  1-celled,  dehiscent  or  indehiscent, 
surrounded  by  the  enlarged  permanent  calyx.  Seed  solitary, 
ex-albuminous  ;  radide  superior. 

Distribution^  Examples,  and  Numhers. — Natives  exclusively 
of  the  forests  of  the  tropical  East  Indies,  with  the  exception  of 
the  genus  Lophira,  which  belongs  to  tropical  Africa.    The  latter 

fenus,  by  Endlicher  and  others,  has  been  separated  from  the 
Hpteraceae,  and  placed  in  an  order  by  itself  under  the  name  of 
Lophiracea3.  The  chief  characters  of  distinction  are,  its  1-celled 
ovary  with  numerous  ovules  on  a  free  central  placenta,  and  its 
inferior  radicle.  Examples  of  the  Ge>tcra ;- -Dipterocarpus, 
Dryobalanops.  There  are  about  50  species  belonging  to  this 
order. 

Fropertits  and  Uses.  — These  plants  form  very  large  and  hand- 
some •  trees,  which  abound  in  an  oleo-resinous  juice.  To  the 
presence  of  this  they  owe  their  peculiar  properties. 

Dipterocarpvi, — The  trunks  of  />.  la-vis  or  turbinatusy  and  other  species, 
natives  of  the  East  Indies,  yield  by  incision,  an  oleo-re«nous  substance, 
called  Wood  Oil  or  Guijun  Balsam.  *  In  its  pro|>erties  Wood  Oil  resembles 
Copaiba,  and  is  largely  employed  for  similar  purposes  in  India,  where  it  is 
official ;  it  is  also  useii  in  England  as  a  substitute  for,  or  as  an  adulterant 
of,  that  drug.     Wood  Oil  is  also  used  in  India  for  painting  houses,  &c. 

DryobcUanops  aromatica  or  Camphora. — This  is  a  large  tree,  a  native  of 
Sumatra  and  Bonieo.  From  its  stem,  a  liquid  called  Liquid  Camphor  or 
Camphor  Oil,  and  a  cnk'stalline  solid  substance  named  Sumatra  or  Borneo 
('amphor,  are  derived.  The  Liquid  Camphor  is  obtained  by  making  deep 
incisions  into  the  tree.  It  is  a  hydrocarbon,  and  has  an  odour  resembling 
a  mixture  of  Cajuput-oil,  camphor,  and  cardamoms.  It  has  been  used  in 
the  preparation  of  scented  soap.  The  Solid  Sumatra  Campfurr  is  found  in 
fissures  and  cavities  in  the  interior  of  the  trunks  of  the  full-;;rown  trees,  and 
can  only  be  extracted  from  the  tree  by  cutting  it  down  and  dividing  it  into 
pieces.  It  generally  occurs  only  in  small  pieces,  but  occasionally  masses 
"weighing  10  or  12  lbs.  have  been  removed.  This  camphor  resembles  in  its 
properties  the  ordinary  official  or  Laurel  Camphor  (see  Camphora).  It  is 
not,  however,  a  commercial  article  in  this  country,  or  in  Euroj^e,  because  it 
is  so  highly  esteemed  by  the  Chinese,  that  they  will  give  from  80  to  100 
times  more'money  for  it  than  that  "which  they  obtain  for  their  own  camphor, 
which  is  the  kind  we  employ,  and  which  is  believed  by  us  to  be  at  least 
equally  beneficial.  Thus  the  first  quality  is  valued  at  alxtut  10/.  a  pound. 
It  is  sometimes  termed  Bams  Camphor.  It  is  regarded  as  especially 
valuable  for  embalming  the  dead. 

Hopea  odorata. — This  plant  yields  a  fragrant  resin,  "which,  when  pow- 
dered, is  a  popular  styptic  amongst  the  Burmese. 

Shorea  robvsta  is  a  valuable  timber-tree ;  it  is  a  native  of  India,  and  its 
wood  is  there  extensively  used  under  the  name  of  Sdl.  A  colourless,  yellow- 
ish, or  brownish  resin,  called  Dammar  in  Bengal,  ia  also  obtained  from  this 
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plant.    It  fonns  a  substitute  for  the  ordinary  resins  of  the  Conifera  in  the 
making  of  planters. 

Vateria  incUca. — This  plant  yieldii  an  oleo-resinous  substance,  which  is 
known  in  India  under  the  name  of  White  Dammar  or  Piney  Resin.  It  is 
used  as  a  varnish,  and  for  making  candles.  The  substance  culled  Piney 
Tallow,  or  Vegetable  Butter  of  Canara,  is  a  concrete  oil  obtained  from 
the  fruit  of  this  plant  It  has  been  employed  in  India  as  a  local  appli- 
cation in  rheumatism,  &c.,  and  some  has  been  lately  imported  into  this 
country. 

Vutica  Tumbugaia  is  said  to  yield  a  portion  of  the  Black  Dammar  of 
India  (see  Canarium). 

Natural  Order  33.  Csjje:sacem. — The  Sarcolaana  Order. — 
Character. — Trees  or  shrubs.  Leaves  entire,  alternate,  with 
large  deciduous  convolute  stipules.  Flowers  regular,  unsymme- 
trical,  furnished  with  an  involucre  :  the  irtvoliicre  surrounding 
1 — 2  flowers,  and  persistent.  Sepals  3,  imbricate.  Petals  6, 
convolute,  sometimes  united  at  the  base.  Stameiis  generall^r 
very  numerous,  rarely  but  10,  monadelphous  ;  an^A€r«  roundish, 
2-celled.  Ovary  3-celled  ;  style  1 ;  stigma  trifid.  Fruit  capsular, 
3-celled  or  rarely  1- celled  ;  placentas  axile.  Seeds  solitary  or 
numerous,  suspended  ;  emljryo  in  the  axis  of  fleshy  albumen  ; 
cotyledojis  leafy  ;  radicle  superior. 

Diagnosis. — Readily  distinguished  among  the  Thalamiflorae 
by  their  alternate  simple  stipulate  leaves  ;  and  involucrate 
flowers,  which  are  regular  and  unsymmetrical.  The  calyx  is 
also  imbricated,  the  stamens  monadelphous,  and  the  seed  has 
abundant  albumen. 

DistributioHy  Examples^  and  Kumbers, — There  are  but  8 
species  included  in  this  order,  all  of  which  are  natives  of  Mada- 
gascar.    Examples  of  the  Genera : — Sarcoltena,  Leptoltena. 

Properties  and  Uses.  —Altogether  unknown. 

Natural  Order  34.  Teknstkoemiaceje  or  Camejjaaceje. — The 
Tea  or  Camellia  Order.  — Character.  — Trees  or  shrubs.  Leaves 
leathery,  alternate,  usually  exstipulate,  and  sometimes  dotted. 
Flowers  regular,  and  generally  very  showy,  rarely  polygamous. 
Sepals  6  or  7,  coriaceous,  imbricated,  deciduous.  Petals  6,  6, 
or  9,  often  united  at  the  base,  imbricate.  Stamens  hypo- 
gynous,  numerous,  dintinct  or  united  by  their  filaments  into 
one  or  several  bundles  ;  anthers  2-celled,  versatile  or  adnate. 
Ovary  superior,  many-celled  ;  styles  filiform,  3 — 7.  Fruit  cap- 
sular, 2— 7-celled  ;  placentae  axile  ;  dehiscence  various.  Seeds 
few,  sometimes  ariliate  ;  aUmmeyi  wanting  or  in  very  small 
quantity ;  embryo  straight  or  folded ;  cotyledons  large  and  oily  ; 
radicle  towards  the  hilum. 

Diagnosis. — Trees  or  shrubs,  with  alternate  usually  exstipu- 
late leathery  leaves.  Sepals  and  petals  imbricate  in  aestiva- 
tion, and  having  no  tendency  to  a  quaternary  arrangement. 
Stamens  numerous,  hypogynous ;  anthers  versatile  or  adnate. 
Ovary  superioi  ;  styles  filiform.      Seeds  solitary  or  very  few, 

H  H 
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attached  to  axile  placentas  ;  albumen  wanting  or  in  very  small 
quantity. 

Distribution,  Examples,  and  Numbers. — These  plants,  which 
are  mostly  ornamental  trees  or  shrubs,  are  chiefly  natives  of 
South  America,  but  a  few  are  found  in  the  East  Indies,  China, 
and  North  America.  One  species  only  occurs  in  Africa.  There 
are  no  European  species,  although  a  few  are  cultivated  in  Europe; 
these  are  principally  from  China  and  North  America.  Examples 
of  the  Genera: — Ternstroemia,  Camellia.  The  order,  as  defined 
by  Lindley,  contains  about  130  species. 

Properties  and  Uses. — Generally  speaking,  we  know  but  little 
of  the  properties  of  the  plants  of  this  order  ;  but  some,  as  those 
from  which  China  Tea  is  prepared,  are  moderately  stimulant, 
astringent,  and  slightly  soothing  and  sedative. 

Camellia  or  Thea  (see  Thea). — Numerous  varieties  of  Camellin  japonica, 
which  is  a  large  tree  in  its  native  countrv,  are  cultivated  in  our  green- 
houses, and  are  celebrated  for  the  beauty  of  their  flowers  and  foliage.  The 
seeds  of  C.  aleifera  yield  by  expression  a  (;ood  salad  oil. — C.  Sasanqua  has 
fragrant  flowers,  which  are  said  to  be  used  in  some  districts  to  give  flavour 
and  odour  to  Chinese  Tea. 

Freziera  theoides. — The  leaves  of  this  shrub  are  used  as  a  kind  of  tea  in 
Panama. 

Gordonia. — The  bark  is  astringent,  and  is  therefore  useful  in  tanning, 
for  which  purpose  it  is  sometimes  emploved  in  the  United  States. 

Kidmeyera  specinsa. — ^The  leaves  of  this  plant,  which  is  a  native  of  Brazil, 
contain  much  mucilage,  and  are  used  on  that  account  for  fomentations. 

Thea  or  Camellia. — The  genus  Thea  is  now  more  f^nerally  regnrded  as 
not  really  distinct  from  that  of  Camellia^  and  hence  the  Kpeoies  of  the  two 
genera  are  now  frequently  included  under  one  genus,  which  is  named 
CameUia  or  Thea.  Formerly  it  was  supposed  that  China  Tea,  which  ia  so 
extensiyelv  u«ed  as  a  beverage  in  this  and  varioun  other  countries,  was 
prepared  from  the  leaves  of  three  species,  two  being  natives  of  China, 
namelv,  Thea  Bohea  and  T.  viridis ;  and  another,  a  native  of  Assam,  Thea 
oiaamica.  All  botanists  are,  however,  now  agreed  that  these  three  so-called 
snecies  are  only  varieties  of  one,  which  is  termed  TTiea  chinenaiM  or  CameUia 
Thea,  It  was  also  formerly  supposed  that  Black  and  Green  Teas  were  the 
produce  of  distinct  plants ;  but  Fortune,  Ball,  and  others  have  proved  that 
both  Black  and  Green  Teas  may  be  made  indiflerently  from  the  same  plant, 
the  difierences  between  such  teas  depending  essentially  upon  their  mode  of 
preparation.  Thus,  Green  Teas  are  prepared  by  drying  the  leaves  as  quickly 
as  possible  after  they  are  gathered ;  and  then  slightly  heating  them  ;  after 
which  they  are  rollml  separately  or  in  small  heaps,  and  then  dried  as  quickly 
as  possible  ;  while  Black  Teas  are  made  from  the  leaves,  which,  after  being 
gathered,  are  exposed  to  the  air  for  some  time,  and  then,  after  having  been 
tossed  about,  are  placed  in  heaps,  where  they  undergo  a  kind  of  fenrn  ntation  ; 
after  which  they  are  exposed  to  a  Are  for  a  short  time ;  then  rolled  in  masses 
to  get  rid  of  the  moisture  and  to  give  them  a  twisted  character  ;  then  they 
are  again  exposed  to  the  air,  and  subsequently  exposed  for  a  second  time  in 
a  shallow  pan  to  the  heat  of  a  charcoal  fire,  rolled  again,  and  exposed  to  the 
air,  and  finally  dried  slowly  over  a  fire.  Thus,  Green  Tea  consists  of  the 
leaves  quickly  dried  after  gathering,  so  that  their  colour,  and  other  proper- 
ties, are  in  a  great  measure  preserved;  while  Black  Tea  is  composed  of 
the  leaves  dried  some  time  after  being  gathered,  and  after  they  have 
undeigone  a  kind  of  fermentation,  by  which  their  original  green  Qulonr  is 
changed  to  black,  and  other  important  changes  produced.  A  great  part 
^  \&  Green  Tea  which  is  exported  firom  China,  and  consnm^  in  this 
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eoantry.  mA  fn  other  parts  or  Europe  and  Amsrlci,  I*  ooloarcd  irtiBdall^ 
with  >  mixture  of  pnuMin  bluv,  tunneiic,  ind  Kypium.  Seveml  varietia 
of  Black  iinil  Gretn  Tea«  an  knawa  in  ctnnnierc*.  Thus  of  the  Tunner  we 
have  llnhpa,  Conjiuu,  ^ourhoni;.  P«koe,  Caper,  lie.;  of  tbe  Utirr,  tlyson, 
Hj'fon-Skin,  Tw^nkHj,  Imperiul,  Gunpowder,  Ac.  Some  tea*  havp  a  par- 
ticiilModoartomewhatrewmililiiiit  [h»  flow*™  of  thB  common  C"wbH|i  ;  tbla 
l>  produred  bv  mixing  niih  Ihem  the  drird  lluwrn  of  Ihe  •ireet-Hvnted 
Ullve  (  0/«  /ragramt).  Uth«r  leaa  are  tvanted  with  the  dried  riowen  of 
ChJoraitAia  tmcimrpicuMMf  Agfaia  ndaralOt  Ac 

Tbe  culliraticm  of  the  Tea-plant  j«  now  beinx  carried  on  with  great 
mnr-eMin  India.  Thu^  in  1S7H  no  le<*  Ihiin  37,0U»,(H)0  U«.  of  Tea  were  ex- 
ported from  Calcutta  i  ■ndlheTieldlbi«reaT(1N81)  <■  esliniated  at  about 
Gn,WH>,000  IIh.  a  largeqiiantitV  orTeaiaHlo)  at  the  prewnt  lime  produced 
in  Japan  and  Java.  Cliini,  however,  la  Ihe  great  tea-producing  country  : 
in  that  part  uf  the  world,  nearly  4.<X>V.I>U0  acrea  of  gruund  are  devoted  In  it 
alone,  and  the  total  amiua]  pruiluce,  at  Ihe  preaent  time,  ia  probablv  not  1«b 
than  COO  millioot  of  poucdi-.  In  the  tjnited  Kingdom,  the  conaumption  of 
Te<  has  verv  much  increased  of  late  years.  Thu*.  in  )B4'I,  it  waa  only 
Sa,OOO.ObO  IIm.,  while  at  Ihe  [irexent  time  it  amonnta  to  ab<'Ut  140.000,000 
ILb.  Tea  owes  its  chirf  properties  to  the  pnsenre  of  a  volatile  oil,  tannjo 
add,  and  mora  espedally  the  alkaloid  alreadv  noticed  a.'  a  conatitaent  <rf 
Kola-DUta  (we  Stereulia),  called  llum.  Thrin  is  identiral  with  aiffein,  the 
alkaloid  contained  in  Oiflee.  and  gaaranin,  tbe  alkaloid  of  Goarana.  and  ii 
ctuselv  allied  t»  lJirntH,min.  Ihe  alkaloid  of  cocoa-aeed-t  {SwCnffia.  PaiJImia, 
and  TAmbmma.)  Tea-leavea  also  contain  about  6  per  cent,  of  gluten,  but 
thia  ia  acarcelr  exiricled  in  tay  amount  by  the  ordinary  mode  of  making 
Tea.  It  has  been  slated  that  Tea,  besidfi  ita  well-known  atimulatini  and 
aoothing  eirecte,  is  indirectly  nutritive, — that  it  to  any,  the  thein  it  cnnlsina 
has  tbe  etfect  of  prevenlinK  the  waate  and  decay  of  Ihe  body,  and  any 
BubatBDce  that  doea  ttaia  neceeaarily  aavea  food,  and  ia  thua  indirecltv 
nntrltlve ;  hut  Dr.  Edward  Smith  has  ahown  that,  on  the  contrary,  Tea 
increases  the  bodily  waste.  As  a  nervine  aliniulant  lea  may  be  taken  with 
much  advantaji^e  in  headache  and  neuralgia,  and  in  other  affections  cBuaed 
by  exhaustion  "t  the  syslcni  from  dcprewion  of  nerve  power. 

Natural  Order  35.  GurtirEa*  or  Clvhikckm  —The  Oam- 
IjogB  or  Mauguateen  Order, —Character. — TrrecoraArubtjaume- 
times  paraaitieal,  wilh  a  re- 

Binotw  juice.  Leartu  {Jii,.  902)  Fm.  OOJ. 

curisceouB,  entire,  dimple,  op- 
posite, eiHtipulate.  FlotEtr$ 
usually  perfect,  Bometimet 
unitexual  by  abortion.  ^paU 
2,  4,  6,  e,  or  8,  imbricate, 
naually  peniateiit,  frequently 
tineqtial  and  petolciid.  PttaU 
hypogynoiu,  eiiu&l  in  number 
to  {fig.  902),  or  a  multiple  of, 
the  lepala,  noniatimea  pauing 
by  imperceptible  gradati»ns 
into  them.  Stameni  uaually 
numerutu,  rarely  few,  hypo-  Fig.i'ia.  Fiowfrtnir  stem  and  (mil of  the 

gynous,    diltinct,    or    mona-     Mangosl«DpUot((,-»iiWa.aJfo.BM»ii«), 

delphoui,  or  pnlyadelphouB  ; 

auUtert  aduate,  not  btaked,  introne  or  extroree,   opening  by' 
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a  pare  or  transrerpe  slit,  2-oelled,  or  sometimeB  1-celled.  Duk 
fleshy,  or  rarely  with  5  lobes,  (hary  superior,  1  or  many-oelled  ; 
$tyle  absent ;  gtigmas  peltate  or  radiate  (fy.  902)  ;  ptacefUas 
axile.  Fruit  dehiscent  or  indehiscent,  1  or  many-Hilled.  Seeds 
solitary  or  numerous,  frequently  arillate,  without  albumen  ; 
embryo  straight. 

DiagiiOBu, — Trees  or  shrubs  with  a  resinous  juice,  and  with 
opposite  simple  coriaceous  exstipulate  leaves.  Sepals  an«l  |ietals 
usually  having  a  binaiy  arrangement  of  their  parts  ;  the  former 
imbricate  and  frequently  unequal ;  the  hitter  equal  and  hypo- 
gynons.  Stamens  almost  always  numerous  ;  anthers  adnate, 
without  a  beak,  opening  by  a  pore  or  transversely.  Disk  fleshy 
or  lobed.  Ovary  superior,  with  sessile  radiant  stigmas,  and 
axile  placentas.     Seeds  exalbuminous. 

DistrihitUm,  Examples^  and  Numbers. — Exclusively  tropical, 
and  especially  occurring  in  moist  situations.  The  larsrer  propor- 
tion are  natives  of  South  America,  but  a  few  occur  in  Madagascar 
and  the  African  continent.  Examples  of  the  Genera  : — Clusia, 
Garcinia,  Mesua.     There  are  about  150  species. 

Properties  and  Uses. — The  plants  of  this  order  are  chiefly  re- 
markable for  yielding  a  yellow  gum-resin  of  an  acrid  and  pur- 
gative nature.  In  many  cases,  however,  the  fruits  are  edible, 
and  are  held  in  hii;h  estimation  for  their  delicious  flavour.  The 
seeds  of  some  are  oily,  and  others  are  good  timber-trees. 

Calnphf/Uum. — C.  Calaha  is  reputed  to  yield  the  resinous  rubstnnce  knoirn 
as  East  Indian  Tacamahaca.  This  i^  useful  as  an  application  to  indolent 
ulcere. — C.  Inaphyllum  and  C.  brasilien$e  also  yield  similar  resins.  From 
the  seeds  of  C.  Innphyllum  an  oil  is  likewise  obtained  by  expression  ;  this  is 
the  Bitter  Oil  or  Weandee  of  Indian  commerce.  It  is  in  preat  repute 
throufrhout  the  East  indies  and  Polynesia  as  a  liniment  in  rheumatism, 
pains  in  the  joints,  and  bruises.  The  timber  of  the  same  plant  is  also 
applied  to  several  useful  purposes. — C.  avgustifolium^  the  Piney  tree,  furnishes 
valuable  timl»er. 

Caif/8accion  InntiifoUvm. — The  dried  flower-buds  of  this  tree  constitute, 
with  those  of  Menua  ferrea^  the  Napaur,  Nag-kesar^  or  Nag-kauar  of  the 
Indian  bazaars  (see  Mesua). 

Ctusin. — Clutia  ftava^  C.  atba,  and  C.  rngea,  yield  a  glutinous  resinous 
matter,  which  is  used  in  some  parts  of  the  West  Indies  in  nlace  of  pitch. 
C.fiava  is  called  in  Jamaica  the  Bulsam-tree.  In  Nevis  and  St  Kitt's  the 
three  species  are  known  indifferently  under  the  namas  of  Fat* Pork,  Monker 
Apple,  and  Mountain  or  Wild  Mango.  The  flowers  of  C.  mtignU  also  yidd 
a  resinous  substance  in  Brazil. 

Garcinia. — The  official  and  well-known  drucr  Gambope  has  been  shown 
by  Hanbury  to  be  the  produce  of  Garcinia  Morella^  vnr.  pediceftata^  now 
termed  G.  Hanburii.  Commercinl  Gamboge  is  obtained  principsllv  from 
Slam  ;  it  is  the  onlv  kind  used  in  Europe.  Siam  Gamb<»^  occurs  m  two 
forms : — 1st,  in  the  form  of  cylinders,  which  are  either  solid  or  more  or  less 
hollow,  and  commonly  known  as  pipe  or  roll  Gamboge ;  and,  2nd,  in  lii|{e 
cakes  or  amorphous  masses,  called  tump  or  cake  Gamboge.  The  pipe  Gambofi:e 
is  the  finest  kind.  Gambofre  is  used  in  medicine  as  an  active  hydragofnie  and 
drastic  purgative.  It  is  aW  an  anthelmintic.  In  over-doses  it  arts  aa  an 
acrid  poison.  (iaml)oge  likewise  forms  a  valuabh  water-colour,  and  hence  is 
much  used  in  painting ;  it  is  also  employed  to  give  a  colour  to  the  lacquer- 
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vflmifih  for  brasr-work,  &c.  In  India,  a  ji^iim-rffiin  resembling  Si  Am  Gam> 
Ik)^,  and  identical  with  it  in  it«)  pix>pertie»,  is  obtained  from  6.  picturia  It 
in  only  found  in  irregular  massed.  Ixood  Gamboge  id  aliso  obtained  in  Tni- 
vancore  from  G.  travancorira. 

The  Mangoateen,  which  id  reputed  to  be  the  most  delicious  of  all  fruita, 
is  obtained  firom   (J.  Mangostana,  a  native  of  Malacca.     This  plant  has 

Produced  fruit  in  stoves  in  this  countrv.  The  rind  is  astringent,  and 
as  been  Mub^tituted,  as  tirst  noticed  bj  Bentley,  in  this  country,  fur 
Indian  B&el  (see  ^Ugle  Marmelos).  It  has  been  employed  with  great  ad- 
vantage in  India  in  chronic  diarrhoea,  and  in  advanced  stages  of  dysentery. 
—  G.corneUy  (J.  KudianUf  and  G .  peduncuiata,  abo  vield  fruits  of  a  similar 
character  to  the  Mangostcen,  although  very  interior  to  it.  The  seeds  of 
G.  indica  {purpurea)^  upon  being  boiled  jn  water,  yield  a  concrete  oil,  called 
Kokum  Butter  or  Concrete  (»il  of  Mangosteen.  It  is  useful  in  chapped 
hands,  &c.,  and  might  be  employed  in  the  preparation  of  suppositories,  and 
for  other  pharmaceutical  purp4«es.  Of  late  years  a  large  quantity  has  been 
iin)>orted  into  this  country.  The  fruit  has  an  agreeable  acid  tlavour,  and  is 
used  in  India  for  various  purposes. 

Mnmmea  americmui. —  The  fruit  is  highly  esteemed  in  the  West  Indies 
and  South  America.  It  is  known  under  the  names  of  the  Mammee  Apple 
and  the  Wild  Apricot  of  South  America.  The  seeds  are  anthelmintic.  A 
spirit  and  a  kind  of  wine  may  be  also  obtained  from  this  piant;— thu.^,  from 
the  flowers  n  kiud  of  spirit,  and  from  the  sap  a  wine. 

Mesua. — The  species  of  this  genus  are  remarkable  for  their  very  hard 
timber.  Ltndley  remarks,  *  that  the  root  and  bark  of  these  plants  are  bitter, 
aromatic,  and  powerfully  sudorific  ;  their  leaves  mucilaginous;  their  unripe 
fniit  aromatic,  acrid,  and  purgative.'  The  flower* buds  of  Matua  ftrrta 
occur  in  the  bazaars  of  India,  with  those  of  Calysacciott  hngi folium  (see 
Calg$accion)t  under  the  name  of  Naakasiar;  they  are  highly  esteemed 
for  their  fragrance,  and  are  also  used  in  Bengal,  as  well  as  the  leaves  of 
the  same  plants  as  anti<lotes  to  snake- poisons.  Nag-kassar  is  also  much 
employed  for  dvetug  silks.  Nag-kassar  was  imported  into  England  a  few 
j-ears  since.  '\)\e  tlower-buda  are  about  the  size  of  pepper-corns,  of  a  cin- 
namon-brown colour,  aud  have  a  very  fragrant  odour,  somewhat  resembling 
violets. 

Pentadesma  butyacta. — The  fruit  of  this  plant  ^nelds  a  fatty  matter ; 
hence  it  is  called  the  Butter  or  Tallow  Tree  cf  Sierra  Leone. 

Natural  Order  36.  Hypericace^. — The  St.  John's  Wort 
Order. — C  li  a  r  a c  t  e  r. — Herbn^  sh ntfcs,  or  trees.  Leaves  opposite 
or  rarely  alternate,  exstipulate,  simple,  often  dotted  and  bor- 
dered with  black  glands.  Flowers  regular.  Sepals  4  or  6  {jig. 
903),  persistent,  unequal,  distinct  or  united  at  the  base,  imbri- 
cate. Petals  {jig.  903),  equal  in  number  to  the  sepals,  hypogy- 
nous,  une(|ual- sided  {Ji<f.  904),  frequently  bordered  with  black 
glands  ;  xstivatwn  twisted.  Stamens  usually  numerous,  rarely 
few,  hypogynous  {Jig.  904),  mostly  polyadelphous  {Jig.  649),  or 
rarely  distinct,  or  monadelphous,  sometimes  having  fleshy 
glands  alternating  with  the  bundles  of  stamens ;  JiUinieiUs 
liliform  ;  anthers  2-celled,  with  longitudinal  dehiscence.  Ovary 
1-celled,  formed  of  from  3 — 5  carpels,  which  are  partially  in 
fleeted  so  as  to  project  into  the  cavity ;  or  3 — 6-ceiled  by  the 
union  of  the  dissepiments  in  the  centre  {Jig,  903) ;  styles  equal 
in  number  to  the  carpels  ;  stigmas  usually  capitate  or  truncate, 
rarely  2-lobed.     Fruit  capsular,  usually  3—6-celled,  sometimea 
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I-oelled;  plaeetUa*  aiila  or  pnrietal,  dehi<MMiiRe  septicidsl. 
Seed*  ininut«,  nunioiT>UB  ;  rrnhryo  atiwiglit  or  curved,  exal- 
buminons  (Jig.  905). 

DiagnotU. — LeaTesaimple,  often  dotted,  ex8tipu1at«.  Flowers 
regular.  Sepals  and  petaU  hypogynom,  with  h  quaternary  or 
quinary  distribution  ;  the  former  with  an  imbricate  eeativtktion ; 
the  l&tter  unequal-aided,  commonly  marked  with  black  glanda, 
and  having  a  twisted  lestivntion.  Stamens  hyr>ogynoiii,  iisnallf 
numerous  and  polyadelphous,  rarely  few,  and  Oien  distinct  or 
monadelphoiii ;  anthers  2-celled,  opening  longitudinally.  Stylrs 
■everaL  Fruit  1-celled,  or  3 — -6-celled.  Seeds  numerous,  ei- 
albniDinoiis. 

DiitrUyitiion,  ErampUr,  and  Numbers.  —The  plants  are  gene- 
rally diitrlbuted  orer  the  globe,  inhabiting  both  temperate  and 
hot  regions,  and  almost  all  varietiea  of  Boil.  Examples  of  the 
Geiu-ra  .-^Hypericum,  Vismia.     There  are  about  280  species. 

Prtipertifi  aitd    Viet. — They  abound   ustially  i. 
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yellow  juice,  which  is  frequently  pui^tive,  sa  in  Vimtia 
fffiiaiietim  and  V.  mkraiitka.  Other  plants  of  the  order,  as 
Hyperioim  perfuratvm  and  Aiidmsasmiim  iifficituile  have  tonic 
and  Ratringent  properties,  and  Crtitoxijlon  HoniKliuehi*  is  slightly 
astringent  and  diuretic. 

Natural  Order  37,  Reacmuwackj;. — The  Beau murta  Order. 
— ThiH  small  order  was  first  instituted  by  Ehrenbei^.  The  plants 
belonging  to  it  do  not  differ  iu  any  essential  charaoten  from 
Hypericacea),  exec  pt  that  they  have  a  pair  of  appendages  at  the 
base  of  the  petals,  and  shaggy  seeds  with  a  small  quantity  of 
mealy  albumen. 

JJi/ilribiilum,  Examples,  and  .Vuniters.  — Natives  of  the  coast 
of  the  Mediterranean  and  the  salt  plains  of  Northern  Asia. 
Examples  of  tlie  GFirero ."— Reaumuria,  Eichwaldia.  There  are 
4  apecivs. 

Pnrpertietajid  fsps.— They  contain  much  aaline  matter.  A 
dtcoction  of  the  Uaves  of  Beaumttria  termictiUtta  is  used  iu- 
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temally  ;  and  the  bruised  leaves,  as  an  external  application,  for 
the  cure  of  scabies. 

Natural  Order 38.  Marcgraviace^. — The  Marcgravia  Order. 
— This  is  a  small  order  which  is  generally  regarded  as  allied 
to  ClusiacesB  and  Hypericaceas.  The  species  belonging  to  it  are 
chiefly  distinguished  from  Clusiaceee,  by  their  unsymmetrical 
flowers,  versatile  anthers,  and  very  numerous  minute  seeds. 
Some  genera  of  the  order  are  remarkable  for  their  peculiar 
bracts,  which  become  hooded,  pouched,  or  spurred.  They 
are  distinguished  from  Hypericacese  chiefly  by  their  unsym- 
metrical flowers,  equal-sided  petals,  distinct  stamens,  and  sessile 
stigmas. 

Distributwn,  Examples^  and  Numbers. — Generally  natives 
of  equinoctial  America.  Examples  of  tlie  Genera: — Kuyschia, 
Marcgravia.     There  are  26  species. 

Properties  and  Uses. — Scarcely  anything  is  known  of  their 
properties.  Marcgravia  unibellata  is  reputed  to  be  diuretic  and 
antisyphilitic. 

Natural  Order  39.  Rhizobolace^. — The  Souari-nut  Order. 
— C haracter.  — Large  trees.  Leaves  opposite,  coriaceous,  digi- 
tate, exstipulate,  with  an  ai-ticulated  stalk.  Sepals  5  or  6,  more 
or  less  united,  imbricate.  Petals  5  to  8,  unequal.  Stamens 
very  numerous,  slightly  raonadelphous,  in  two  whorls,  the  inner 
shorter  and  often  abortive,  inserted  with  the  petals  on  a  hypo- 
gynous  disk  ;  anthers  2-celled,  with  longitudinal  dehiscence. 
Ovary  4,  5,  or  many-celled  ;  styles  short,  as  many  as  the  cells 
of  the  ovary  ;  stigmas  small ;  ovules  solitary,  attached  to  the 
axis.  J^nfi^consinting  of  several  combined  indehiscent  1-seeded 
nuts.  Seed  reniform,  exalbuminous,  with  the  funiculus  ex- 
panded 8o  as  to  form  a  spongy  excrescence  ;  radicle  very  large, 
forming  nearly  the  whole  of  the  nucleus  ;  cotyledons  very  small 
C%.  701). 

Diagnosis. — Large  trees,  with  opposite  digitate  exstipulate 
leaves,  with  an  articulated  stalk.  Flowers  regular,  hypogynous. 
Petals  equal-sided,  and  inserted  with  the  numerous  stamens  on 
a  hypogynous  disk.  Styles  very  short.  Seed  solitary,  exalbu- 
minoiu,  with  a  very  large  radicle,  and  two  very  small  cotyledons. 

Distribution f  Examples,  and  Numbers. — The  order  contains 
but  2  genera,  including  8  species,  all  of  which  are  large  trees, 
natives  of  the  forests  in  the  hottest  parts  of  South  America. 
Examples  of  the  Genera : — Caryocar,  Anthodiscus. 

Properties  and  Uses. — Some  of  the  trees  are  valuable  for  their 
timber  ;  others  yield  edible  nuts,  and  some  an  excellent  oil. 

Caryocar. — C.  butyntsvm  (Pekea  tuberculosa  or  butyrosa), — This  tree  is 
much  esteemed  for  its  timber,  which  is  used  in  shipbuilding  and  for  other 
purposes.  The  separated  portions  of  the  fruit  constitute  the  Souari,  Surahwa, 
or  Suwarrow-nuts  of  commerce,  the  kernels  of  which  are  probablv  the  roost 
a^^reeable  of  all  the  nut  kind.  They  are  occasionally  imported  into  this 
country.    An  excellent  edible  oil  may  be  also  extracted  from  th^n.—- (7. 
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HKcifint  *lao  jielda  Soutri-iiDta.    A  concrete  oil  ii  obUlned  in  Brazil  ftom 
C.  bruiilitHte. 

Natural  Order  40.  Sapindaceje.— The  Soapwort  Order. — 
Character. — Uaual If  large  treet  or  twining  ttirtibs,  or  rarely 
climbing  herbi.  Leavea  genei^y  compound  (Jig.  363),  or  rarely 
Bimple,  alternate  or  Bometiniea  opposite,  often  dotted,  Btipiilato 
or  eistipulate.  iTowers  (fg^  906  and  907)  moatly  perfect  and 
unsynimetrical,  aometimes  polygamous.  IkpaU  i — 5  {Jig,  906), 
either  distinct  or  coherent  at  the  base,  imbricate.  PetaU  i — 5 
(^.  906),  rarely  0,  hypogynoiiB,  alternate  with  the  sepals,  im- 
bricate, naked  or  furnished  with  an  append^e  on  the  inside. 
Stame^u  8—10,  rarely  6-  6—7  (fig.  906),  or  very  rarely  20,  in- 
wrted  into  the  disk  or  into  the  thalamus  ;  JUamenU  distinct  or 
■lightly  monadelphous;  anthert  intrane,  bunting  longitudinally. 
Duk  fleshy  or  glandular.  Ovary  usually  3-celled  (yig.  906),  rarely 
2  or  4-c«Iled,  each  cell  containing  1,  2  {fig.  726),  3,  or  rarely 
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more  ovules  ;  jiy/e  undivided  or  2— 3-c!eft.  Frvit  either  fleshy 
and  indehiscent  ;  or  capsular,  or  samaroid,  with  2—3  valves. 
fe'eediuauallyarillate,  eialbuminous  ;  emfcryo  rarely  straight,  ubu- 
aily  curved  {jig.  908)  or  twisted  in  a  spiral  direction  ;  cutyUdon* 
sometimes  very  large  ;  radifk  next  the  hilum. 

D'lagnoti). — Fluwers  unsym metrical,  hypogviious.  Sepals 
and  petals  4 — 5,  imbricate,  the  latter  ocnimoiily  with  an  ap- 
pendage. Stamens  neveragreeing  in  number  with  the  sepalsand 
petals,  inserted  OR  a  fleshy  or  elandular  disk,  or  upon  the  thala- 
mus ;  anthers  bursting  longitudinally.  Fruit  usually  consisting 
of  3  carpels.  Seeds  commonly  2,  sometimes  1  or  3,  or  very  rarely 
more,  exalbuminous,  usually  arillate and  without  wings;  embryo 
almost  always  curved  or  spirally  twisted. 

Diinnmi.  of  tht  Order  and  Examptet  of  the  Geiwfa.—This  order 
may  be  divided  into  4  sub-ordeis,  as  follows  :— 
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Sub  order  1.  Sapindest, — Leaves  alternate.  Ovules  usually 
solitary.  Embryo  generally  curved  or  sometimes  straight. 
Examples: — Sapindns,  Nephelium. 

Sub-order  2.  Hippocastane^. — Leaves  opposite.  Ovules  2  in  a 
cell,  of  which  one  is  ascending,  and  the  other  suspended  (Jig, 
726).  Embryo  curved  (Jig.  908),  with  a  small  radicle  and 
large  fleshy  consolidated  cotyledons.  Exa/mpUs: — .^Esculus, 
Pavia. 

Sub-order  3.  Dodonea.  — Leaves  alternate.  Ovules  2  or  3  in  a 
cell.     Embryo  spiral.     Examples: — Dodonaea,  Ophiocaryon. 

Sub-order  4.  Meliosmex.  — Leaves  alternate.  Flowers  very  irre- 
gular. Stamens  5,  3  of  which  are  abortive,  and  only  2,  there- 
fore, fertile.  Ovules  2  in  a  cell,  both  of  which  are  suspended. 
Fruit  a  drupe.     Embryo  folded  up.     Example : — Meliosma. 

Distribution  and  Numbers, — Chiefly  found  in  tropical  regions, 
especially  those  of  South  America  and  India ;  some  occur  in 
temperate  climates,  but  none  inhabit  the  cold  northern  p^rts  of 
the  globe.  There  are  no  native  plants  of  this  order  in  Europe. 
Tlie  florsechestnut,  now  so  well  known  in  this  country,  is  only 
naturalised  among  us.     There  are  nearly  400  species. 

Properties  a/nd  Uses. — One  of  the  most  prominent  properties  of 
the  plants  of  this  order  is  the  presence  of  a  saponaceous  principle, 
from  which  its  common  name  is  derived.  Many  are  poisonous 
in  all  their  parts  ;  but  it  is  more  frequently  the  case  that,  while 
the  root,  leaven,  and  branches  are  dangerous,  the  poisonous  juice 
becomes  so  diflused  tliroughout  their  succulent  fruits  as  to  ren- 
der them  innocuous,  or,  in  several  instances,  even  valuable  arti- 
cles of  depsert.  It  sometimes  happens,  as  in  the  Litchi  and 
Longan  fruits,  that;  while  the  pericarp  is  wholesome,  the  seeds 
are  dangerous.  Some  plants  of  the  order  are  astringent  and  aro- 
matic ;  others  are  diaphoretic,  diuretic,  and  aperient ;  and  some 
are  valuable  timber  trees. 

j^scviut. — The  bark  of  uEscnlus  Hippocaxianvm,  the  HorsechestDat^  is 
ftbrifugal.  its  young  leaves  are  somewhat  aromatic,  and  Endlicher  says 
that  they  have  been  used  as  a  substitute  for  Hops.  The  seeds  have  been 
lonji^  employed  as  an  excellent  food  for  sheep  in  Switaerland,  and  hare  been 
also  rtscommended  as  a  subsititute  for  Coflee.    Thev  contain  a  saponaceous 

f>rinciplc  like  the  fruits  of  certain  species  of  Sapintitu,  They  also  contain  a 
ar^e  quantity  of  starch,  and  are  much  used  in  France,  instead  of  potatoes 
and  cereals,  as  a  source  for  that  substance.  In  some  parts  of  Holstein  also, 
this  starch,  which  is  there  very  carefully  prepared,  has  been  used  for  many 
years  foi*  household  purposes,  bein^  much  preferred  to  that  obtained  from 
Mrheat  or  potatoes.  The  seeds  are  said  to  yield  by  expression  a  fixed  oil, 
which  has  been  introduced  under  the  name  of  Oil  of  Horsechestnut,  as  an 
external  application  in  rheumatism,  &c.  Notliing,  however,  is  known  of  the 
extraction  of  the  oil  from  these  seeds,  and  its  source  f^om  them  is  scarcely 
probable.  The  roots,  leaves,  and  fruits  of  the  jEtculus  ohiotentiM,  the  Buck- 
eye or  American  Horsechestnut,  are  generally  regarded  as  poisonous,  both 
to  man  and  animals. 

Cardtoapermum  Halicncabum, — The  root  is  described  as  diuretic,  dispho* 


474  fiAPINDACE^ 

retic,  and  aperient  Its  leaves,  when  bmled,  are  eaten  as  a  vegetable  in  the 
Moluccas. 

Cupania  (Bltghia)  sapida.—Thid  distilled  water  of  the  flowers  is  used  by 
negro  women  as  a  cosmetic.  The  succulent  slightly  acid  aril  of  the  seeds 
is  eaten,  and  much  esteemed  in  the  West  Indies  and  elsewhere.  The  fruit  in 
which  the  seeds  are  contained  is  commonly  known  under  the  name  oi  the 
Akee-frutt.    A  decoction  of  these  has  been  used  in  diarrhoea. 

Dodonma. — Some  of  the  species  of  this  genus  are  aromatic  The  wood 
of  D.  dioica  is  carminative.  Others  are  reputed  to  be  slightly  purgative  and 
febrifuiral. 

Nephelium. — This  genus  yields  the  delicious  fruits  of  China  and  the 
Indian  Archipelago,  known  under  the  nam^  of  Litchi,  Longan,  and  Kambu- 
tan.  Nephelium  Lttchi  produces  the  Litchi ;  N.  Longan^  the  Longan  ;  and 
N.  Rambutan  or  lappaceum,  the  Kambutan  fruit.  The  Litchi  fruits  are  fre- 
quently imported  into  this  country  ;  and  rarely  also,  the  Longan.  It  should 
be  noticed  that  the  seeds  of  all  these  fruits  are  very  bitter,  and  are  probably 
poisonous. 

PauUinia. — The  seeds  of  PauUinia  snrbilis,  Guarana,  are  used  in  Brazil 
in  the  preparation  of  a  kind  of  foo<l  which  is  known  as  Guarana  bread, 
Brazilian  C-ocon,  or  simply  as  Gunrana.  Guarana  is  also  there  used  as  a 
remedv  in  many  diseases. '  Guarana  bread  is  prepared  by  taking  the  dried 
seeds  deprived  of  their  aril,  and  pounding  and  kneading'them  into  a  mass, 
which  is  afterwards  made  into  oblong  or  rounded  cakes.  These  cakes  are 
used  in  the  same  manner  as  we  use  cocoa  and  chocolate — that  is,  they  are 
mixed  with  water,  and  the  mixture  sweetened  and  drunk.  This  beverage 
is  largely  consumed  in  Brazil,  both  on  account  of  its  nutritive  qualitie-^, 
and  for  its  stomachic,  febrifugal,  and  aphrodisiac  effects.  It  contains  a  bitter 
crystalline  principle  called  (Juaranin^  which  appears  to  be  identical  with 
tftein  (see  7/iea),  the  acti«'e  principle  of  tea  and  coffee,  and  hence  Guarana 
bread  has  a  somewhat  similar  effect  upon  the  system  to  that  produced  by 
those  two  beverages.  Guarnoa  has  been  lately  highl}'  recommended  for 
use  in  this  country  and  elsewhere  as  a  remedy  in  nervous  headache,  but  at 
present  with  verj'  conflicting  results.  Its  action  is  probably  similar  to  tea, 
over  which  it  seems  to  possess  no  advantages.  It  has  also  been  recommended 
as  a  remedy  in  neuralgia,  diarrhcea,  and  other  diseases.  In  many  species  of 
PavUmia,  the  narcotic  property,  which  is  but  slightly  marked  in  P.  sorbiliSf 
is  very  evident  Thus,  the  leaves,  nark,  and  fruit  of  P,  pinnata  are  very 
dangerous,  and  are  used  in  the  preparation  of  a  poison  by  the  Brazil iana, 
which  slowly  but  surely  destroys  life,  Martins  suggests  that  this  poison 
might  be  efficacious  in  hydrophobia  and  insanity. —  P.  cururu  and  P.austra- 
Us  have  similar  poisonous  properties. 

Sapindu*. — The  fruits  of  Sapindus  Saponnria,  as  well  as  those  of  5. 
ineequalis  and  others,  contain  a  saponaceous  principle,  so  that  when  mixed 
with  water  they  produce  an  abundant  lather  ;  hence  they  are  u-ed  in  the 
West  Indies  instead  of  soap.  It  is  said  that '  a  few  of  them  will  cleanse 
more  linen  than  sixty  times  their  weight  of  soap.*  These  plants  also 
contain  a  narcotico-acrid  principle,  as  the  ])ounded  fniits,  when  thrown 
into  water  in  which  fish  are  contained,  will  produce  upon  them  a  kind  of  intoxi- 
cation. The  pericarp  of  5.  genegalensis  is  eaten,  but  the  seeds  act  as  a 
narcotico-acrid  poison.  The  fruits  of  Sapindus  eaculentus  and  others  are  also 
edible. 

Schmidelia  serrata  has  an  astringent  root,  which  has  been  used  in  India 
for  diarrhoea. 

The  fruits  of  many  plants  belonging  to  this  order,  besides  those  already 
named,  are  edible,  as  those  of  Pierardia  sativa  and  P.  dulcisy  producing  the 
Bambeh  and  Choopa  of  Malacca ;  and  Hedycarpvs  maJayanus  producing  tiie 
Tampui.  Schmidelia  edulis,  in  Brazil ;  Melicocca  bijuga,  in  the  West  Indies 
and  Brazil ;  Pappea  capensit,  at  the  Cape  of  Good  Hope,  &C.,  also  yield 
edible  fruits. 


POLTGALACEA.  4rS 

Natural  Order  41,  Poltoalacbj. — The  Hilkvort  Order. — 
Character.— J!{ftrt(6«  or  herbn.  Ltava  alternate  (fig.  909)  or 
oppocite,  ezitiuulate,  and  usuallj  simple.  Ptdicelt  with  3  braeta. 
Fhureri  irregular,  uiuymiDetrii^  (fig'-  909  and  910),  and  ar- 
ranged in  asomewhat  papitiuniiceoiiB  manner  ;  but  here  the  irinpa 
belong  ti>  the  calyi,  whereaa  in  the  Legiiminowe  thej  belong  to 
the  corolla.  Sepalt  5  (fig.  9X0,  t),  very  irreguhtr,  uaiially  dia- 
tinct ;  uf  which  3  are  placed  exterior,  and  of  these  1  is  posterior 


and  2  anteriiT ;  tile  2  interior  are  lateral,  usually  petaloid 
Ifi'j.  909),  and  ftirui  tlie  winge  to  the  flower.  Fetalt  liypnifynous, 
usually  3,  more  or  less  united,  of  which  1,  fcirmiitg  the  keel, 
ia  larger  than  the  rent,  and  iilaced  at  the  anterior  part  of  the 
flower  ;  the  keel  is  either  naked,  crested  (fig.  909)  or  3-iobed  ; 
the  other  2  petals  are  pcigterior,  and  alternate  with  the  wings 
and  posterior  sepal  uf  the  calyx,  and  are  often  united  to  the 
keel  ;  sometime*  there  are  5  petals  (fi^i.  910),  and  then  the  2 
additional  ones,  pr,  or,  are  of  small  size,  and  alternate  with  th« 
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wings  and  anterior  sepals.  Stamens  hypogynous,  8  {Jigs.  010, 
e,  and  014),  usually  combined  into  a  tube,  unequal,  the  tube 
split  on  the  side  next  to  the  posterior  sepiJ  (fig.  014) ;  anthers 
clavate,  innate,  usually  1-celled  (fig.  014),  rarely  2-celled,  open- 
ing by  a  pore  at  their  apex.  Ocary  (figs.  010,  c,  and  Oil,  or), 
2->d-celled,  one  cell  being  frequently  abortive ;  ovules  solitaxy 
or  twin,  suspended  ;  style  simple  (fig.  Oil,  styl),  curved,  some- 
times hooded  at  the  apex  ;  stigma  simple  (jfig.  Oil,  stig).  FruU 
(fig.  012)  varying  in  its  nature  and  texture,  indehincent  or  open- 
ing in  a  loculicidal  manner,  occasionally  winged.  Seeds  pendu- 
lous (fi^g.  012,  gr)y  smooth  or  hairy,  with  a  caruncula  next  the 
hilum  (fi^gs.  012,  r,  and  013,  ar)  ;  embryo  straight  or  nearly  so, 
in  copious  fleshy  albumen,  and  with  the  radicle  towards  the 
hilum  (fig.  013,  pi). 

Dutgtutsis. — Herbs  or  shrubs,  with  exstipulate  leaves.  Flow- 
ers irregular,  unsymmetrical.  Sepals  and  petals  imbricate,  not 
commonly  corresponding  in  number,  and  usually  arranged  in  a 
somewhat  papilionaceous  manner ;  odd  petal  anterior ;  odd 
sepal  posterior.  Stamens  8,  hypogynous,  usually  combined  ; 
anthers  generally  1-celied,  with  porous  dehiscence.  Fruit  flat- 
tened, usually  2-celled  and  2-8eeded.  Seed  with  abundant 
fleshy  albumen,  and  with  a  caruncula  next  the  hilum. 

Distribution^  Examples^  and  Numbers. — Some  genera  of  the 
order  arc  found  in  almost  every  part  of  the  globe.  The  indi- 
vidual genera  are,  however,  generally  confined  to  particular 
regions,  with  the  exception  of  the  genus  Folygalci.^  which  is  very 
widely  distributed,  being  found  in  almost  every  description  of 
station,  and  in  both  warm  and  temperate  regions.  Examples  of 
the  Genera: — Polygala,  Monnina,  Soulamea.  There  are  about 
600  species. 

Properties  and  Uses. — The  greater  part  of  the  plants  of  this 
order  are  bitter  and  acrid,  and  their  roots  milky ;  hence  they 
are  frequently  tonic,  stimulant,  and  febrifugal.  Some  are 
emetic,  piu'gative,  diuretic,  sudorific,  or  expectorant.  A  few 
species  have  edible  fruits,  and  others  abound  in  a  saponaceous 
principle. 

Monnina  polvstachya  and  M.  talicifclia. — The  bark  of  the  root  of  these 
pinntii  is  especially  remarkable  for  the  prei^ence  of  a  saponaceous  principle ; 
it  is  used  in  Peru  as  a  subsiituie  for  soap,  and  for  cleaning  and  polL»hinff 
Filver.  It  is  moreover  reputed  to  be  a  valuable  medicine  in  diarrhoea  and 
Biniilar  diseases.    The  leaves  are  also  said  to  be  expectorant. 

Poljtgala. — Many  species  of  this  genus  have  bitter  properties,  as  P.  amara, 
P.  ruhefta^  P.  vulffa'ris^  and  P.  major  ;  they  have  been  used  as  tonics,  stimu- 
lants, diaphoretics,  &c. — Polygala  Senega^  Senega  Snake- root. — The  root 
of  this  8[jecies  was  first  introduced  into  medicine  as  an  antidote  to  the  bites 
of  snakes.  Various  other  species  of  Polygala  have  been  reputed  to  poMesB 
NHiilar  properties,  but  they  are  generally  regarded  as  altogether  useleM  in 
cases.  Senega  Snake-root  is  official  in  this  country-,  where  it  ia  used 
doses  as  an  emetic  and  cathartic  ;  and  in  moderate  doses  as  a  8ial»- 
expectorant,  diaphoretic,  diuretic,  and  emmenagogue.    Ita  principal 
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virtaes  are  dne  to  the  pretence  of  a  rerv  acrid  substance,  which  has  been 
called  Senefrin  or  Poly^lic  Acid  ;  it  is  said  to  be  a  fflucoeide,  and  is  in  the 
form  of  a  white  amorphous  powder. — P.sanffuineaAna  P.purpurea^in  North 
America ;  P.  Serptntaria^  at  the  Cape ;  P.  Chamtehuru*,  in  Europe ;  P. 
crotakirinideg  and  P.  teiefthioidet,  in  the  Himalayas,  and  other  species,  nre 
said  to  possess  somewhat  similar  properties  ;  and  one  species,  P,  venemtta,  a 
native  of  Java,  has  the  acrid  principle  in  so  concentrate<I  a  state  as  to  render 
it  poisonous. — P.  tincturia^  an  Arabian  species,  is  used  for  dveiiig. 

Snulamea  amara^  a  native  of  Malacca,  is  intensely  bitter,  and  is  re- 
garded as  a  valuable  febrifuge,  and  al-^o  a  medicine  which  has  been  employed 
with  very  great  success  in  cholera  and  pleurisy. 

Natural  Order  42.  KRAMERiACEiE. — The  Rhatany  Order. — 
Diagnosis, — This  natural  order  coraprises  but  the  single  genus 
Krameria.  Some  botanists  still  retain  it  in  the  order  Polyga- 
lacefe,  to  which  it  was  formerly  always  referred  ;  but  Krameria 
appears  certainly  to  present  sufficient  claims  to  s^puntion  from 
that  order.  The  Krameriacese  resemble  the  Polygolaius  in  their 
exstipulate  leaves  ;  in  having  hypogynous  unsymmetrical  flowers ; 
in  their  fewstamens  with  porous  dehiscence  ;  and  in  their  definite 
pendulous  ovules.  They  are  distinguished  from  the  Pdlygalaceee 
in  their  flowers  not  presenting  a  papilionaceous  arrangement ; 
in  their  stamens  being  1,  3,  or  4,  and  distinct ;  in  their  ovary 
being  1-celled,  or  incompletely  2-celled  ;  and  in  their  exal- 
bnminous  seeds.  By  Braun  and  some  other  botanists  the  genus 
Krameria  has  been  referred  to  Le&;'uminos88. 

Distrib^ii  14)71,  Examples,  and  Numbers. — Found  in  the  warm 
and  temperate  regions  of  Central  America  and  South  America. 
The  order  contains  but  one  genus,  which  comprises  16  species. 

Properties  and  Uses. — The  roots  of  the  diflferent  species  of 
Krameria  are  verv  astringent  ;  they  are  'Coromonly  known 
under  the  name  of  Rhatany  roots. 

Krameria. — The  root  of  Krameria  triandra,  a  native  of  Peru,  is  official 
in  the  British  Pharmacopoeia.  It  is  known  as  Peruvian,  Payta,  or  Red 
Rhatany.  The  supply  of  this  root  is  uncertain,  and  hence  its  place  is 
firequentjiy  supplier!  by  the  root  of  another  species.  A".  Ixina,  a  native  of 
New  Granada  and  Brazil,  which  is  termed  Savanilla,  New  Granada,  or 
Violet  Rhatanv,  and  which  is  quite  as  efficacious  as  it.  A  third  kind  of 
Khatany,  which  is  said  to  be  derived  from  A',  argentea,  is  also  occasional!}* 
imported  from  Para  ;  it  is  known  as  Brazilian  or  Para  Khatany.  or  from  its 
colour  Brown  Rhatany.  Rhatany  root  is  used  in  medicine  as  an  astrinirent, 
and  is  well  adapted  for  all  those  diseases  which  require  the  employment  of 
todi  medicines.  It  is  also  employed,  mixed  with  equal  parts  of  orris 
rhizome  and  charcoal,  as  a  tooth-powder.  A  saturated  tincture  of  Rhatany 
root  in  brandy  is  called  wine  colouring,  and  is  used  in  Portugal  to  give 
roughness  to  Port  wines. 

Natural  Order  43.  Tremandrace.«. — The  Porewort  Order. — 
Character. — Heath-like  shnihs,  with  usually  glandular  hairs. 
Leaver  exstipulate,  alternate  or  whorled.  Flowers  axillary, 
solitary,  pedicellate.  Sepals  4  or  5,  equal,  slightly  coherent, 
deciduous,  and  with  a  valvate  seistivation.   Petah  corresponding 
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in  number  to  the  sepals,  deciduous,  and  with  an  involute  sesti- 
vation.  Stamens  distinct,  hypogynous,  8 — 10,  2  being  placed 
before  each  petal ;  atUhers  2  or  4-celled,  with  porous  dehiacence 
(Jig,  533).  Ovary  2-celled;  ovttks  1 — 3  in  each  cell,  pendulous  ; 
style  1  or  2  ;  stigmas  1 — 2.  Fniit  2-celled,  a  capsule  with 
loculiddal  dehiscence.  Seeds  pendulous,  hooked  at  their  apex  ; 
embryo  straight,  in  the  axis  of  fleshy  albumen  ;  radicle  next  the 
hilum. 

Didributlon,  Examples,  and  Xumhers. — All  are  natives  of  Xew 
Holland.  Examples  of  the  Genera: — Tetratheca,  Tremandra. 
The  order  includes  16  species. 

Properties  and  Uses, — Altogether  unknown. 

Natural  Order  44.  Ace&ace^. — The  Maple  Order. — Cha- 
racter. — Trees.  Leaves  opposite,  simple,  without  stipules ;  vena- 
tion usually  radiate,  rarely  pinnate.  Flowers  often  polyga- 
mous. Calyx  with  an  imbricate  aestivation,  usually  5-parute, 
occasionally  4  or  9-partite.  Petals  imbricate,  corresponding 
in  number  to  the  divisions  of  the  calyx,  or  altogether  absent. 
Stamens  usually  8,  inserted  on  or  around  a  fleshy  hypogynous 
disk.  Ovary  superior,  2-lobed,  2-celIed  ;  style  1 ;  stigmas  2 ; 
ovules  in  pairs.  Fruit  a  samarn,  2-celled  (fig.  699).  Seeds  1  or  2 
in  each  cell,  without  an  aril,  exalbuminous  ;  embryo  curved, 
with  leafy  wrinkled  cotyledonsy  and  an  inferior  radicle. 

Diagnosis. — Trees  with  opposite  simple  exstipulate  leaves. 
Flowers  unsymmetrical.  Sepals  and  petals  imbricate,  the 
latter  without  any  appendages  on  their  inside.  Stamens  hypo- 
gynous, on  a  fleshy  disk  ;  anthers  bursting  longitudinally  ;  ovary 
superior,  2-celled.  Fruit  a  samara,  2-celled,  each  cell  contain- 
ing 1  or  2  seeds.  Seeds  without  an  aril,  exalbuminous  ;  embryo 
curved,  with  an  inferior  radicle. 

Distributiony  Examples,  and  Numbers. — The  plants  of  this 
order  are  natives  of  the  temperate  parts  of  Europe,  Asia,  and 
North  America.  None  have  been  found  in  Africa  and  the 
southern  hemisphere.  Examples  of  the  Geneva : — Acer,  Negundo. 
There  are  about  60  species. 

Properties  and  Uses. — These  plants  are  chiefly  remarkable  for 
their  saccharine  sap.  Their  light  and  handsome  timber  is  also 
much  used  in  turnery,  for  certain  parts  of  musical  instruments, 
and  for  other  purposes  ;  and  their  bark  is  astringent,  and  is 
employed  in  different  districts  by  the  dyer  in  the  production  of 
yellow,  reddiah-brown,  and  blue  colours. 

Acer. — A .  sacrharinum  is  the  Su^ar  Maple.  The  Maple  Sugar  of  America 
is  obtained  from  this  tree  by  making  perforations  into  its  tnmk  at  the 
commencement  of  spring,  and  boiling  down  the  saccharine  sap  which  Ui«i 
exudes  to  the  crystallismg  point.  A  few  years  since  nearly  50  millions  of 
pounds  of  Maple  Suear  were  annually  produced  in  North  America,  but  the 
quantity  is  diminishing  yearly  in  consequence  of  the  destructioii  of  xht 
native  mrests.  A.  datycarpum  and  other  species  also  yield  sugar.  The  bark 
of  A.  Moccharinum  has  been  also  used  in  America  in  t£ie  production  of  a  blus. 
dx^f  sod  as  an  ingredient  ih  the  manufacture  of  ink. — A.  eampestre  and  X 
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P§eudo^platanui  are  common  trees  in  Britain,  and  afford  luefiil  timber ;  the 
latter  is  generally  known  under  the  names  of  the  Sycamore,  Greater  Maple, 
and  Mock-plane.  It  derives  the  latter  name  from  the  resemblance  of  its 
leaves  to  thoce  of  the  ti-ue  Plane-tree.  Its  wood  is  also  used  for  making 
charcoal. 

Natural  Order 4o.  HiPPOcRATEACEiE.  — The  Hippocratea  Order. 
— Diagiwfti^. — i^rubs  with  opposite  simple  leaves,  and  small  de- 
ciduous stipules.  Flowers  small,  regular,  and  unsymmetrical. 
SepaU  and  petals  5,  hypogynous,  imbricate,  the  former  per- 
sistent. Stamens  3,  hypogynous,  monadelphous  ;  anthers  with 
transverse  dehiscence.  Ovary  3-celled  ;  placentas  axile  ;  style  1. 
Fr\i,it  baccate,  or  consisting  of  3  samaroid  carpels.  Seeds  definite, 
exalbuminous  ;  embryo  straight ;  radicle  inferior. 

Distriimtiony  Examples^  and  Numbers.  — They  abound  princi- 
r^Uy  in  South  America ;  some  are  also  found  in  Africa  and  the 
£a8t  Indies.  Examples  of  the  Genera : — Hippocratea,  Tontelea. 
There  are  about  86  species. 

Properties  and  Uses. — Very  little  is  known  generally  of  the 
plants  of  this  order.  The  fruit  of  several  Brazilian  species  of 
Tontelea  is  edible,  and  in  Sierra  Leone  that  of  T.  pyriformis  is 
described  as  very  pleasant.  Hippocratea  comosa  yields  nuts  of 
an  oily  and  sweet  nature.  The  inner  yellow  bai'k  of  Kokomia 
zeylanica  is  employed  in  Ceylon  as  a  febrifuge  and  sternutatory, 
and  as  a  dye. 

Natural  Order  46.  Malpiohiacejb.— The  Malpighia  Order. 
— Character. — Trees  or  shrubs,  often  climbing.  Leaves  usually 
opposite  or  whorled,  rarely  alternate ;  stiptiles  generally  short 
and  deciduous,  sometimes  larger  and  interpetiolar ;  the  leaves 
«re  oocaaionally  furnished  with  hairs,  which  are  fixed  by  their 
middle,  that  is,  peltate  (Jig.  147).  Flowers  perfect  or  poly- 
gamous. Calyx  5-partite,  persistent,  frequently  with  glanda 
at  the  base  of  one  or  all  of  the  divisions  ;  sestivatuyn^  imbricate  or 
rarely  valvate.  Petals  6,  hypogynous,  un^iculate  ;  astivaiion 
convolute.  Stamens  usually  10,  monadelphous  or  distinct ;  con- 
nective fleshy  and  elongated  beyond  the  anther-lobes.  Ovary 
generally  consisting  of  3  carpels,  rarely  2  or  4,  partially  or 
wholly  combined  ;  omdes  1  in  each  cell,  pendulous  from  a 
long  stalk  ;  styles  3,  distinct  or  imited  ;  stigmas  3,  simple.  Fruit 
either  drupaceous,  samaroid,  or  a  woody  nut.  Seed  solitary, 
suspended,  exalbuminous  (Jig.  759) ;  embryo  straight  or  variously 
curved. 

Diagtufsis. — Trees  or  shrubs,  with  simple  stipulate  leaves. 
Flowers  perfect  or  polygamous.  Calyx  and  corolla  with  5  parts ; 
the  sepals  having  usually  large  glands  at  the  base,  and  imbricate 
or  very  rarely  valvate  in  aestivation  ;  the  petals  unguiculate, 
without  appendages,  hypogynous,  convolute.  Stamens  usually 
10,  sometimes  15,  with  a  fleshy  prolonged  connective.  Ovary 
generally  composed  of  3  carpels,  or  in  any  case  not  corresponding 
in  number,  or  being  any  power  of  the  three  outer  whorls ;  ovules 
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Bolitary,  pendulous  fi-om  long  stalks.  Seeds  exalbuminous, 
usually  with  a  convolute  embryo. 

Distribution,  Examples^  aiid  Number h. — They  are  almost  ex- 
clusively natives  of  tropical  regions.  Examples  of  the  Oe^iei-a : 
— Malpighia,  Byrsonima,  Nitraria.  There  are  about  5dO 
species. 

Properties  and  Uses. — An  astringent  property  appears  to  be 
most  general  in  the  plants  of  this  order.  Some  have  edible 
fruits  ;  and  the  seeds  of  others  are  reputed  to  be  poisonous. 

Bunchotia  armeniaca,  a  native  of  Pcra,  i«  stated  to  have  poisonous  needs. 

Byrtouima. — Some  species  have  edible  fruits.  The  Bi/rsonimag  are,  how- 
ever, principally  remarkable  for  their  astringencv.  Thus  i  he  fruit  of  B.  spicata 
(Bois-tan)  is  used  in  dysentery ;  the  bark  of  J?.  crasMifoiia  is  employed  in- 
ternally as  an  antidote  to  the  bite  of  the  rattlesnake,  and  for  other  purpnses 
where  astringent  medicines  are  desirable.  The  hark  of  other  species  in  also 
in  use  for  tanning  in  Brazil.  American  Alcomoque  hark,  which  is  im- 
ported into  this  country  for  the  use  of  the  tanner,  is  said  to  be  the  produce 
of  B.  laurifolia^  B.  rhopabefoHcL,  and  B.  cnccoloheefolia. 

Malpighia  glabra  and  M. pvnicifolia  have  edible  fruits,  which  are  used  in 
the  West  Indies,  as  a  dessert,  under  the  name  of  Barbadoes  Cherries. 

Nitraria. — This  genus  is  by  some  put  into  an  onler  by  itself  called  Xitra- 
riaceie.  According  to  Munby,  N  tridentata  is  the  true  Lotus-tree  of  the 
ancients.  (See  also  Zizyphus.)  It  is  a  native  of  the  desert  of  Sonssa,  ne-^r 
Tunis,  and  its  fruit  is  of  a  somewhat  intoxicating  nature. — N.  BUlardierij  a 
native  of  Australia,  has  an  edible  fruit. 

Natural  Order  47.  Erythboxylaceje.  — The  Erythroxylon 
Order. — Diagnosis. — This  order  is  closely  allied  to  Malpighi- 
acesd,  and,  in  fact,  it  scarcely  presents  characters  sufficient  to 
warrant  its  separation  from  that  order.  Its  distinctive  cha- 
racters, according  to  Lindley,  are  as  follows  : — the  flowers  arise 
from  amongst  numerous  small  imbricate  scale-like  bracts ;  the 
calyx  has  no  glands  ;  the  petals  have  at  their  base  two  parallel 
membranous  plates ;  the  stigmas  are  capitate  ;  the  ovules  are 
sessile  and  truly  anatropous  ;  and  the  embryo  is  straight.  By 
Bentham  and  Hooker,  this  order  is  combined  with  the  Lin- 
aceae. 

Distributionj  Examples,  and  Nutnbers.— The  plants  of  this 
order  abound  in  Brazil ;  many  also  occur  in  some  other  parts  of 
South  America,  and  the  West  Indies  ;  and  a  few  are  scattered 
throughout  many  of  the  warmer  regions  of  the  globe.  There 
is  but  one  genus,  Enfihroxylon,  which  includes  about  75  species. 

Properties  and  Uses. — Some  species  of  Erythroxylon  are  tonic, 
others  purgative,  and  others  stimulant  and  sedative.  The 
wood  of  E.  hypericifolium  and  the  bark  of  E.  snberosum  are  red, 
and  are  used  in  the  preparation  of  dyes  of  that  colour.  The 
wood  of  others  has  a  similar  reddish  appearance,  and  from 
this  common  colour  of  the  wood  the  name  of  tlie  genus  is 
derived. 

Erythroxylon  Qxia. — The  dried  leaves  of  this  plant,  under  the  nune  of 
Coca  or  Cuca,  are  commonly  used  mixed  with  a  little  lime,  or  wood  ashes 
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formed  of  the  burnt  steins  of  Chenopodium  Quitwa^  Cecropia  peliata,  or  other 
plants,  by  the  natives  of  Peru  and  some  other  |)arts  of  South  America,  as 
a  masticatory.  The  Peruvian  Indians  have  always  ascribed  to  coca  the 
most  extraordinary'  virtues.  Thus,  they  believe  that  it  lessens  the  desire 
and  the  necessitv  /or  ordinary*  food,  and,  in  fact,  that  it  uiav  be  considered 
a-*  .'ilmo«'t  a  sul)^titute  for  food.  Spruce  shvs,  that  an  Indian  with  a  chew 
of  Ipudu  (the  native  name  for  coca  of  the  Indians  of  the  Rio  Negro)  in  his 
cheek,  will  co  two  or  three  days  without  f«>od,and  without  feeling  any  desire 
to  sleep.  Von  Tj»chudi,  Markham,  Stevenson,  Dr.  Scherzer,  and'  others 
have  also  ^iven  somewhat  similar  testimony  as  to  the  effects  of  coca.  But 
Weddell  speaks  tar  less  highly  of  its  virtues.  He  states  that  it  does  not 
satisfy  the  appetite,  but  merely  enables  those  who  chew  it  to  support  ab- 
stinence for  a  length  of  time  w  ithout  a  feeling  of  hunger  or  weakness.  The 
use  of  coca  is  also  said  to  prevent  the  difficulty  of  respiratioH  which  is  gene- 
rally experienced  in  ascending  long  and  steep  mountains.  Its  excessive  use 
has*l)een  stated  to  be  very  injurious  by  producing  analogous  effects  to  those 
occasioned  by  the  inmioilerate  consumption  of  opium  and  fermented  liquors ; 
but  Tschudi  savs  that  its  moderate  use  is  rather  beneficial  than  otherwise. 
Christison  has  also  recently  testified  to  its  value,  from  experiments  made  on 
himself  and  others,  in  removing  and  preventing  fati>:ue.  He  states  that 
by  its  use  *  hunger  and  thirst  are  suspended;  but  eventually  appetite  and 
digestion  are  unaffected.*  The  expermients  more  recently  of  i>owde8well 
tend  to  prove,  however,  that,  therapeutically  or  otherwise,  it  is  of  little 
or  any  value.  It  has.  however,  been  highly  eulogised  as  a  remedy  in 
intertnittent  fevers,  and  in  various  other  diseases,  but  no  striking  electa 
have  followed  its  use  in  this  country.  It  was  computed  by  Johnston  some 
time  since,  that  the  annual  consumption  of  coca  was  30,000,000  Iba.,  and 
that  its  chewing  was  indul|:ed  in  by  about  10,000,000  of  the  human  race. 
In  Bolivia  alone  15,000,000  lbs.  of  coca  are  produced  annually.  The  nature 
of  the  constituents,  thus  said  to  give  rise  to  the  peculiar  stimulating, 
bunaer-allaying,  and  narcotic  effects  of  coca,  are  stated  to  depend  essentially 
on  two  peculiar  alkaloids,  one  of  which,  termed  cocaine^  is  crystalline,  and 
the  other,  called  hyyflne.  is  volatile  and  odoriferous.  It  also  contains  a 
peculiar  form  of  tannic  acid,  termed  coca-tannic  acid, 

Sethia. — S.  indica  is  in  jfreat  repute  in  Ceylon  as  a  vermifuge  for 
children.  The  leaves  are  dried,  powdered,  and  given  mixed  >vith  boiled 
rice. — S.  acuminata  is  also  used  in  a  similar  way  for  the  same  purpose.  It 
is  known  in  Cevlon  as  Matura  Worm  Medicine. 

Natural  Order  48.  Cedrelace-e. — The  Mahogany  Order. — 
Character. — Trees.  Leaves  alternate,  pinnate,  exstipulate. 
Calyx  4— 6-cleft,  imbricate.  PetaU  hypogynous,  of  the  same 
number  as  the  diyisions  of  the  calyx,  imbricate.  Stamens  twice 
as  many  as  the  petals  and  divisions  of  the  calyx,  either  united 
below  into  a  tube,  or  distinct  and  inserted  into  an  annular  hypo- 
gynous disk  ;  anthers  2-ce11ed,  with  longitudinal  dehiscence. 
Ovary  usually  with  as  many  cells  as  there  are  divisions  to  the 
calyx  and  corolla,  or  rarely  only  3 ;  ovules  4  or  more,  in  two 
rows,  auatropal  ;  styh  and  digma  simple.  Fruit  capsular  {fig, 
672),  dehiscence  usually  septifragal.  Seeds  (fig.  672,  g)  flat, 
winged,  attached  to  axile  placentas  ;  albumen  thin  or  none ; 
embryo  straight,  erect,  with  the  radicle  next  the  hilum. 

Distribution y  Examples,  and  Numbers, — Chiefly  natives  of  the 
tropical  parts  of  America  and  India ;  they  are  very  rare  in 
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Africa.     Examples  of  the  Genera :— Svrietenia,  Soymida,  Chlop- 
oxylon.     There  are  about  25  species. 

Properties  and  Uses. — The  plants  of  this  order  have  fragrant, 
aromatic,  tonic,  astringent,  and  febrifugal  properties,  and  many 
of  them  are  valuable  timber-trees. 

Cedrela. — The  bark  of  the  plants  of  this  ^cnus  is  generally  fragrant. — C* 
fehrifyga^  C.  Toona,  and  other  species,  have  febrifugal  and  astrinj^ent  barka ; 
they  have  been  used  as  substitutes  for  Cinchona. — C.  odoraia  is  the  scarce' 
of  Jamaica  or  Honduras  Cedar. — C.  Toona  famishes  a  wood  resembling 
mahogany,  which  is  much  used  in  the  East  Indies,  and  is  occasionally  im- 
ported into  this  country.  It  is  termed  Toon,  Tuuga,  Poma,  or  Jeea  wood ; 
and  is  said  to  be  one  of  the  woods  known  as  Chittagong  wood. — C,  au§tralU 
produces  the  Red  Cedar  of  Australia. 

ChhroxyloH. — The  leaves  of  this  genus  are  dotted,  and  yield  by  distilla- 
tion an  essential  oil. — C.  Steiettnia  is  the  source  of  Indiein  Satin  Wood, 
which  is  sometimes  imported  into  this  country  for  the  use  of  cabinet-makers. 
It  is  also  employed  for  making  the  backs  of  hair  and  clothes-brushy  and 
by  the  turner. 

OxUya  xanthoxyhi  furnishes  the  Yellow-wood  of  Queensland. 

Soymida  febrifuga^  the  Kohuua  or  Red- wood  Tree. — The  bark,  which 
is  official  in  the  Pharmacopceia  of  India,  is  commonly  known  under  the  name 
of  Rohun  Bark,  and  is  regarded  as  tonic,  febrifugal,  and  astringent,  la  the 
Bengal  bazaars,  the  bark  of  Strychitos  Nux-vtimica  is  also  known  under  the 
native  name  of  Rohun,  and  this  has  led  to  its  occasional  substitution  for 
Soymida  bark  (see  Strychnos).  It  is  much  employed  in  the  £ast  Indies 
in  intermittent  fevers,  diarrhoea,  and  dvsentery. 

Stcietenia  Mahagoni  supplies  the  well-known  valuable  wood  called  Ma- 
hogany. This  is  chiefly  imported  from  Honduras  and  Cuba,  and  also  to 
some  extent  from  other  West  Indian  islands.  Its  bark  possesses  febrifugal 
properties. 

Natural  Order  49.  Meliace^. — The  Melia  Order. — C  h  arac- 
ter. — Trees  or  shr^ibs.  Leaves  alternate  or  rarely  somewhat 
opposite,  simple  or  pinnate,  exstipulate.  Flowers  occasionally 
unisexual  by  abortion.  Calyx  3,  4,  or  5-partite.  Petals  equal 
in  number  to  the  divisions  of  the  calyx,  hypogynous,  sometimes 
united  at  the  base  ;  imbricate  or  valvate.  Stamens  twice  as 
many  as  the  petals,  monadelphous  ;  anthers  sessile,  placed 
within  the  orifice  of  the  tube  formed  by  the  coherent  filaments. 
Disk  hypogynous,  sometimes  large  and  cup-like.  Ovary  com- 
pound, usually  2,  3,  4,  or  5-celled,  rarely  10  or  12-celled; 
style  1  ;  stirpnas  separate  or  combined  ;  ovules  1,  2,  or  rarely  4, 
in  each  cell.  Fruit  baccate,  drupaceous,  or  capsular,  in  the 
latter  case  opening  loculicidally ;  many-celled,  or  by  abortion 
1-celled.  Seeds  few,  not  winged,  arillate  or  exarillate  ;  albumen 
fleshy  or  usually  absent ;  embryo  generally  with  leafy  cotyledons. 

Diag^vosis. — This  order  is  very  nearly  allied  to  Cedrelaoese, 
and  by  some  botanists  the  latter  order  is  included  in  it.  It  is 
chiefly  distinguished  from  Cedrelacese  by  having  more  com- 
pletely monadelphous  stamens ;  by  the  possession  of  fewer  seeds ; 
and  in  those  seeds  being  without  wings. 

JDistribution,  Examples,  and  Numbers, — They  are  found  more 
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or  less  in  all  the  tropical  parts  of  the  globe  ;  but  are  said  to  be 
more  common  in  America  and  Asia  than  in  Africa.  A  few  are 
extra-tropical.  Examples  of  tlie  Geii>era ;— Melia,  Aglaia,  Carapa. 
There  are  about  160  speciea. 

Properties  and  Uses. — These  plants  are  generally  remarkable 
for  bitter,  tonic,  and  astringent  pri>pertie8.  Others  are  iK>werful 
purgatives  and  emetics,  as  Giuirea  Aubletii,  G,  tridiUwides,  G. 
puryaris,  G.  splcijiora^  and  some  species  of  Trichilia ;  these  all 
re<pure  much  caution  in  their  administration,  and  in  some  cases 
are  reputed  poisonous.     A  few  species  have  edible  fruits. 

Ag'aia  (xiornta. — The  flowers  are  sometimes  used  to  give  a  perfume  to 
certain  varieties  of  Tea. 

Carapa. — The  »oed»  of  C.  guineentig,  an  African  species,  yield  by  ex- 
pression a  fatty  oil,  called  Kuniah  or  Tallicoonah,  which  is  purgative  and 
anthelmintic :  it  is  also  adapted  for  burning  in  lamps,  and  for  other  pur- 
iioses.  An  oil  of  a  similar  nature  is  also  obtained  from  C.  Trmioucouna  ;  it 
has  been  imported  under  the  name  of  mott^greojie.  The  seeds  of  C.  gnianen$i»^ 
an  American  species,  also  yield  a  somewhat  similar  oil.  called  Crab  oil,  which 
f  tosse^ses  analogous  properties.  The  bark  of  these  species  possesses  febrifugal 
properties. 

lAinsium. — This  is  a  p>nus  of  ])lnnts  inhabiting  the  East  Indian  Archi- 
pelagT).  1'hey  yield  fruitK  which  are  much  esteemed,  and  known  under  the 
name.4  of  Lan^sat,  Lans^,  Ayer-Ayer,  or  Ikjetlan. 

Melia  Azadirachta,  the  Nim,  Neem,  or  Margosa  tree  of  India. — The  bark 
possesses  astringent,  tonic,  and  antiperiodic  properties ;  and  the  fresh  leaves 
are  titimnlant,  and  are  used  as  an  external  application  in  the  form  of  a 
poultice  to  indolent  ulcers,  &c.  The  leaves  have  been  also  recommended 
as  a  valuable  remedy  in  the  premonitory  and  jtrof^ressive  staj^es  of  small- 
pox. The  seeds  yield  a  bitter  oil,  which  is  a  favourite  native  remedy 
m  India  as  an  anthelmintic,  and  as  an  external  application  iu  rheumatism, 
&c.  Both  the  bark  and  leaves  are  official  in  the  rharmacopocia  of  India. 
— M.  Atedrrach. — The  root-bark  of  this  tree  is  official  in  the  United  States 
Pharmacopoeia ;  it  is  regarded  as  an  anthelmintic.  The  fresh  bark  is  ihe 
most  active. 

Milnta  eduiis  produces  an  a^eeable  fruit. 

XyiocarpuM  Grunatum. — 1  he  bark  possesses  astringent  and  tonic  i)ro- 
perties,  and  is  employed  as  a  remedy  by  the  Malays  in  diarrhceu,  cholera,  &c. 

Natural  Order  50.  ArRANTiACEiK. — The  Orange  Order. — 
Character. — Trees  or  sfirubs.  Leaves  alternate,  exstipulate, 
dotted,  and  with  the  blade  articulated  to  the  petiole  {fi(j.  315), 
which  latter  is  usually  winged.  Flowers  regular,  fragrant. 
Calyx  short  (Jig.  917),  urn-shaped  or  campanulate,  3— 5-t(K>thed 
(JUfs.  915  and  917),  withering.  Petals  equal  in  number  to  the 
divisions  of  the  calyx  (Jig,  915),  distinct  or  slightly  coherent  at 
the  base,  imbricate,  inserted  on  a  hypogynous  disk.  Stametia 
equal  in  number  to  the  petals  or  some  multiple  of  them  ; 
JilametUs  flattened  at  the  base,  either  distinct  or  united  into  one 
or  several  bundles  (Jigs.  548  and  915)  ;  inserted  along  with  the 
petals  on  the  disk.  Disk  hypogynous,  annular  (Jigs.  916 and 
917).  Ovary  miuiy-celled  (Jig.  915) ;  dyU  1  (Jigs.  916  and  917) ; 
stigma  enlarged  (fig.  917)  and  Rlightly  divided ;  ovules  solitary 
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or  numerous.  Fi^tit  indebiscerit,  constituting  what  has  been 
termed  an  hesperidium  (fg.  707) ;  i^lacnitas  axile  (figs.  707  and 
916).     ^eeds  Folitary  or  numerous  ;  sometimes  containing  more 

Fig.  91 7. 


Fig.  916. 


Fio.  916. 


ftft.  915.   T>!aprain  of  the  flower  of  the  Oninire  (CHtrus  Aurantium'^.—^-' 
Fig.  91«.  Vertical  section  of  the  pistil,  showinfr  a  portion  of  the  dii*  nt 

its  base  and  a  solitary  hypogvnoiu  stamen. Fig.  917.  Pistil  of  the 

Orange,  with  disk  at  its  base  aud  the  cal)'x  :  the  petals  and  stamens  have 
been  removed. 

than  one  embryo ;  the  raphe  and  chalaza  generally  very  evident, 
exalbuminous ;  embryo  straight,  with  thick  fleshy  cotyledons,  and 
a  short  radicle  next  the  hilum. 

Dia^iods. — Trees  or  shrubs  with  alternate  dotted  exstipnlate 
leaves,  having  the  blade  articulated  to  the  petiole.  Flowers 
regular.  Calyx  and  corolla  with  from  3 — 5  divisions,  the  latter 
slightly  imbricate  and  deciduous.  Stamens  hypogynous,  equal 
in  number  to  the  petals  or  some  multiple  of  them,  with  flat 
filaments,  which  are  either  distinct  or  slightly  coherent  into  one 
or  more  bundles.  Disk  hypogynous,  and  bearing  the  petals  and 
stamens.  Ovary  manv-celled  ;  placentas  axile  ;  style  1.  Fruit 
indehiscent.  Seeds  solitary  or  numerous,  exalbuminous ;  embryo 
straight ;  radicle  short  ;  cotyledons  thick  and  fleshy. 

This  order  is  by  some  authors  combined  with  the  Rutacete. 

Distribytio^i,  Examples,  and  Nnmhers. — The  plants  of  this 
order  are  chiefly  natives  of  the  East  Indies,  but  they  are 
generally  distributed  by  the  agency  of  man  throughout  the 
warmer  regions  of  the  globe.  Examples  of  the  Genera : — Feronia, 
^gle,  Citrus.     There  are  about  100  species. 

Properties  arid  Uses. — These  plants  abound  in  glands  con» 
taining  essential  oils,  which  render  them  fragrant ;  hence  sndi 
oils  are  useful  in  perfumery,  and  for  flavouring,  and  other  pur- 
poses. These  volatile  oils  are  especially  abundant  in  the  leaves, 
the  petals,  and  the  rind  of  the  fruit.  The  latter  also  contains  a 
bitter  tonic  principle.  The  pulp  of  the  fruit  has  an  acid  or  soine- 
what  saccharine  taste  ;  and  the  wood  is  always  hard,  and  of  a 
compact  nature. 
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^Sg't  Marme'ot.  Indian  Bael. — The  half-ripe  fruit  is  a  favourite 
remedy  in  India  aa  a  demulcent  and  astringent  in  diarrhoea  and  dysentery. 
In  a  dried  Htate  it  is  now  otHcial  in  the  liritish  Pharma<.H>p<Bia,  but  it  appears 
in  this  ccHidition  to  be  far  less  active  than  when  fresh.  Mangonteen  rind 
has  been  substituted  for  it  in  this  countrv,  as  first  noticed  l>v  the  author 
of  this  volume.  (Sec  Garcinia.)  The  bark  of  the  root  likewise  possesses 
astringent  properties.  Its  leaves  are  al!*o  reputed  to  be  useful  in  asthmatic 
complaints.  The  rind  of  the  rifie  fruit  yields  a  pleasant  perfume,  and  its 
pulp  is  described  as  being  very  nutritious  and  ma<(t  pleasant  to  the  taste  ;  it 
pot!i0es>es,  moreover,  laxative  properties. 

Caaiminxi  etiuliM. —  i'he  fruit  is  said  by  Seemann  to  be  delicious,  and  also 
to  pniduce  a  soporific  effect. 

Citrus. — This  Is  by  far  the  most  important  genus  of  the  order  ;  the  fruits 
yielded  by  the  different  s)>ecies  and  varieties  being  highly  valued  for  dessert 
and  other  purposes.  The  Orange,  Lemon,  Lime,  ^had<tock,  Pompelmoose, 
Forbidden  Fruit.  Kuinquat,  and  Citron,  are  all  well-known,  although  the 
st»ecies  from  whi  h  they  are  derived  arc  not  in  all  cases  well  defined.— 
Citrus  Aurantium^  Kisso — The  fruit  is  the  Common  or  Sweet  Orange. 
Of  this  there  are  a  great  many  varieties  ;  the  most  important  of  which  are 
the  Common  or  China  Orange,  the  Blood  Red  or  Malta  Orange,  and  the  St. 
Michaer^  Orange.  Other  varieties  are  sometimes  importe*!,  as  the  Noble  or 
Mandarin  Orange  and  the  Tangerine  Orange.  The  Orange-tree  is  remark- 
able for  the  enormous  number  of  fruits  it  is  capable  of  yielding  ;  thus,  one 
tree  will  someti  nes  produce  as  many  as  20,000  oranges.  The  small  unripe 
fruits  of  this  species,  as  ^vell  as  those  of  the  Bitter  Orange,  form  what  are 
callerl  Orange-berries  ;  the.se  are  used  for   flavouring  Cura^oa,  and   when 

?>lished  by  a  lathe,  they  constitute  the  ordinary  issw  peas  of  the  pharmacies, 
he  leaves  and  youn^  shi>ots  of  the  Sweet  Orange,  as  well  as  those  of  the 
Bitter  Orange,  by  distillation  with  water,  yield  a  volatile  oil,  which  is 
called  Oil  of  Orange-leaJ  or  Essence  de  petit  grain ;  that  obtained  from  the 
Bitter  Orange  is  considered  to  be  of  the  finest  quality.  A  similar  oil  may 
be  also  distilled  from  oran;ie-b€rries.  From  the  rind  of  the  ripe  fruit  a  fra- 
grant oil  is  procured,  whicli  is  known  as  Essence  de  Portugal  or  Essential 
OH  of  Sweet  Orange,  The  fluwers  of  this  species,  as  well  as  those  of  the 
Bitter  Orange,  yield  Oil  of  Neroli ;  that  from  the  latter  is  preferred.  The 
distilled  wat€r  of  the  fiowers  of  these  two  species,  after  the  oil  is  re- 
moved, constitutes  «he  Aqua  Naphn  or  Orange-ftower  Water  of  com- 
merce. It  is  to  the  presence  of  Oil  of  Neroli  that  the  odour  of  Eau  de 
Cologne  is  more  ]>nriicularly  ilue.  The  rind  of  the  Sweet  Orange  is  an 
aromatic  stimulant  and  tonic  ;  its  juice  is  al<K>  very  extensively  used  as  a 
refreshing  and  agreeable  beverage  at  table,  and  also  medicinally  as  a  refri- 
gerant.— Citrus  Bigaradiu  of  Kisso  or  Citrus  vu'gnris,  is  the  Bitter  oi 
Seville  Orange.  The  leaves,  flowers,  and  unripe  fruits  (jf  this  species  yield 
by  distillation,  or  otherwise,  similar  essential  oils  to  those  obtained  from 
analogous  parts  of  the  Sweet  Orange.  (See  above.)  Orange-Jlower  Water 
is  generallj'  prepared  from  the  flowers  of  the  Bitter  Orange,  as  it  is  con- 
sidered more  fragrant  than  that  obtained  from  the  Sweet  Orange.  The  un- 
ripe fruits  (as  ali-eady  noticed),  like  thse  of  the  Sweet  Orange,  are  called 
Orange-berries,  and  are  used  like  them  for  making  issue  peas,  and  for 
flavouring  Cura^oa.  The  rind  of  the  ripe  fruit  yields  a  volatile  oil,  called 
Essential  Oil  of  Bitter  Orange  or  Essence  de  Bigarade.  The  chief  use  of  the 
Bitter  Orange  is  in  the  making  of*  marmalade.  The  rind  is  also  employed 
in  medicine  as  a  tonic  and  stomachic,  and  is  more  vahmble  in  these  respects 
than  that  of  the  Sweet  Orange.  It  is  likewise  used  for  flavouring  Cunu^a 
and  other  substances  ;  and  in  the  preparation  of  candied  orange-peel, — Citrus 
Limonum  of  De  Candolle  is  the  Lemon  tree.  Of  the  fruit  we  have  several 
varieties ;  the  more  imp:>rtant  of  which  are,  —  the  Wax  I^mon,  the 
Imperial  Lemon,  and  the  Gaeta  Lemon  ;  they  are  chiefly  imported  from 
biciiy  and  Spain,  the  latter  being  the  most  esteemed.    Both  the  rind  and 
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the  juice  nre  etnf  loved  in  medicine,  and  for  other  purposes ;  the  former  m  a 
stomachic  and  caniiinative,  and  for  flavouring  ;  the  latter  as  an  agreeable 
and  refreshing  beverage,  and  also  for  its  refrigerant  and  antiscorbutic 
effects.  The  juice  contains  a  large  quantity  of  citric  acid.  Candied  />irom- 
peel  is  employed  in  confectionery,  nnd  as  a  dessert  The  concentrated  juice 
of  Lemons,  as  well  as  that  of  the  Lime,  is  iinported  in  enormous  quantitit^, 
and  used  in  the  preparation  of  citric  acid.  The  rind  contains  a  large  quan- 
tity of  essential  oil,  which  is  generally  obtained  from  it  by  expression  by 
wKat  is  termed  the  sponge  or  ecveile  process,  or  sometimes  by  distillarion  ;  it 
is  commonly  known  as  /Essential  Oil  or  Essence  of  Lemon.  The  best  is  ob- 
tained by  tiie  first  process,  and  it  is  distinguished  as  Essence  de  Citron  au 
zestcn  the  latter  being  termed  Essence  de  Citron  distillee.  This  oil  is  princi- 
pally used  as  a  flavouring  agent  in  confectionery,  and  in  medicine,  and  also 
m  perfumery. — Citrus  Limetta  or  C.  Beraamia  is  the  source  of  the  Lime 
fruit.  This  is  sometimes  imported  into  this  countiy  in  a  preserved  state, 
and  in  that  condition  it  forms  a  most  agreeable  dessert.  Its  Juice  is  al>o 
hnported  and  largely  employed  with  that  of  Lemons  in  the  preparation  of 
citric  acid,  as  already  noticed.  The  Bergamot  Orange  is  obtained  from  C 
Bergamia  var.  vulgaris  of  Kisso.  From  the  full-grown,  but  still  unripe  and 
greenish  fYuits  of  this  variety,  either  by  expression  or  distillation,  the  essen- 
tial oil,  called  Oil  or  Essence  of  Beraamot.  which  is  largely  used  in  per- 
fumery, is  obtained. — Citrus  medica. —  The  fruit  of  this  is  the  Citron,  or  the 
C^drat  of  the  French.  This  is  supposed  to  be  the  Hebrew  Tappuarh,  which 
is  translated  in  our  version  of  the  Old  Testament  as  Apple-tree  and  Apples. 
The  rind  of  this  fruit  is  commonly  imported  into  this  country  in  a  pre- 
served state,  and  is  used  in  confectionery.  Its  pulp  is  less  acitf  and  juicy 
than  the  Lemon,  but  it  may  be  employed,  as  well  as  that  of  the  Lime,  for 
similar  purpose*.  Essence  or  Essential  Oil  of  Cedrat  is  obtuined  from  the 
nearly  npe  fruit  by  the  sponge  or  ecuelle  process.  It  is  chiefly  used  in 
perfumery.  The  Citron,  Lime,  and  Lemon  are  distintfui««hed  from  Oranges 
by  having  a  more  closely  adherent  rind,  by  their  more  lengthened  form,  and 
by  the  possession  of  a  more  or  less  prominent  protuberance  at  their  af^ex. 
Besides  the  above  fruits  obtained  from  the  genus  Citrus^  we  have  also  the 
Shaddock,  from  C.  decumana;  and  the  Kumqiiat  of  China,  from  C.Japonica, 
The  Forbidden  Fruit  and  the  Pompel moose  al9<»,  both  of  which,  as  sold  in 
the  London  markets,  are  varieties  of  the  Shaddock,  the  former  being  the 
smallest  fruits,  and  the  latter  those  of  the  largest  size. 

Cookia  punctata. — This  plant  produces  the  VVampee-fruit,  which  is  much 
esteemed  in  the  islands  of  the  Indian  Archipelago,  and  in  China. 

Fejonia  elephantum. — This  is  a  large  tree,  a  native  of  India.  A  kind  of 
gfum  exudes  rr<»m  its  stem,  which  closely  resembles  Gum  Arabic.  The 
young  leaves  have  an  Anise-like  o<iour,  and  are  used  by  the  native  practi- 
tioners of  India  for  their  stomachic  and  carminative  etfects.  The  unripe 
fruit  is  said  to  resemble  that  of  Indian  Bael  in  its  properties,  and  has  been 
substituted  for  it  in  this  country  ;  the  ripe  fruit  is  stated  to  be  antiscorbutic. 
This  fruit  is  commonly  known  under  the  name  of  the  Elephant  or  Wood- 
apple. 

Murraya  {Bergera)  Konigii. — The  bark,  root,  and  leaves  of  this  plant  are 
employed  by  the  native  practitioners  in  India  for  their  tonic  and  stomachic 
properties. 

Natural  Order  51.  ViTACEiE  or  Ampelidace^. — The  Vine 
Order. — Character. — Usually  climbing  slvnihs  {Jig.  223)  with 
a  watery  juice,  the  joints  swollen  and  separable  from  each  other. 
Leaves  simple  (fig.  223)  or  compound,  opposite  below,  alternate 
above,  stipulate  or  exstipulate.  Flowers  regular,  small,  green, 
stalked  (fi>g.  421)  ;  peduncles  sometimes  cirrhose.  Calyx  minute, 
with  the  limb  generally  wanting.     Petals  4  or  5,  sometimes 
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united  at  the  base ;  ststivatian  induplicate  ;  inserted  on  a  disk 
which  surrounds  the  ovary,  caducous.  Stamens  corresponding 
in  number  to  the  petals  and  opposite  to  them,  also  inserted  on 
the  disk  {Jig.  513) ;  JilameiUs  distinct  or  somewhat  united  at 
the  base  ;  anthers  versatile,  bursting  longitudinally  (Jig.  513). 
Ovary  superior,  2 — 6-celled,  usually  "2 ;  style  very  short,  simple  ; 
stigma  simple  (Jig.  613).  Fniit  succulent  {Jig.  712),  sometimes 
termed  a  uuculanium,  usually  2-celled.  Seeds  erect,  few,  usually 
2  in  each  cell ;  testa  bony ;  oM/umen  hard  ;  embryo  erect,  with  an 
inferior  radicle. 

Diagnosis. — Shrubby  plants,  with  simple  or  compound  leaves, 
which  are  opposite  below  and  alternate  above.  Flowers  small, 
green,  regular.  Petals  and  stamens  corresponding  in  number, 
4  or  5,  the  latter  opposite  to  the  petals,  both  inserted  on  a 
hypogynous  disk ;  lestivation  of  petals  induplicate ;  anthers 
versatile,  opening  longitudinally.  Ovary  superior,  with  a  very 
short  simple  style  and  stigma ;  placentas  axile.  Fruit  a  nucu- 
laninm.  Seeds  few ;  testa  bony  ;  embryo  erect  in  homy  albumen ; 
radicle  inferior. 

Distribution^  EdcampUs^  and  Numbers. — The  plants  of  this 
order  are  found  in  warm  and  tropical  regions  of  the  globe.  None 
are  natives  of  Europe.  The  common  Grape  Vine,  which  is  now 
completely  naturalised  in  the  South  of  Europe,  and  is  cultivated 
nearly  all  over  the  globe  where  the  temperature  does  not  rise 
too  high  or  fall  too  low,  is  supposed  to  be  a  native  of  the  shores 
of  the  Caspian.  Examples  of  the  Genera  : — Cissus,  Vitis,  Ampe- 
lopsis.     There  are  about  260  species. 

Properties  and  Uses. — The  leaves,  stems,  and  unripe  fruits, 
especially  the  latter,  of  the  plants  of  this  order  abound  more  or 
less  in  an  acid  juice,  the  acidity  being  chiefly  due  to  the  presence 
of  tartaric  and  malic  acids,  and  acid  tartrate  of  potash.  As  the 
fruit  ripens,  it  generally  loses  its  acidity,  and  becomes  sweet, 
owing  to  the  formation  of  Glucose  or  Grape  Sugar. 

Ampehp^in  hederaceaf\iTgim&n  Creeper. — The  juice  of  the  leaves  and 
other  parts  is  said  to  posscns  poifK>nouB  properties. 

Cis8us. — The  leaves  and  fiiiits  of  some  species,  as  C.  getosaj  C.  cordata, 
&c.,  are  ticrid.  A  blue  d}  e  is  obtaiued  in  Brazil  from  the  leaves  and  fruit 
of  C.  tinctoria. 

Vitin  vimfera. — This  very  valuable  plant,  which  is  commonly  known  as 
the  Grape  Vine,  has  followed  the  steps  of  man  into  almost  every  region  of 
the  globe  where  the  climate  is  at  all  adapted  to  its  growth.  The  varieties 
of  the  Vine  are  exceedingly  numerous,  being  more  than  300.  The  fruits, 
under  the  name  of  Grapeitf  are  too  well  known  to  need  any  particular 
description.  They  have  been  in  use  for  more  than  4,000  years  for  the 
making  of  wine,  vinegar,  brandy,  and  other  fermented  liquors.  Grapes 
possess  refrigerant  properties,  and  are  hence  u^eful  in  febrile  and  inflamroa- 
tory  affections.  Grapes  when  dried  are  called  ruigins,  which  are  largely 
used  at  des-scrt  and  for  culinary  purposes.  Of  raisins  we  have  several 
commercial  varieties,  the  more  important  of  which  are  Valentias,  Muscatels, 
and  Sultanas.  The  Muscatels  or  Haisins  of  the  Sun,  are  considered  the 
finest.    The  Sultanas  are  remarkable  for  the  absence  of  seeils.    Kaisins 
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posFC's  demulcent  and  slightly  refrigerant  properties,  but  they  are  princi- 
pally employed  in  medicine  for  flavouring  purposes.  Bei^ides  the  above  kinds, 
there  is  also  a  small  seed'ess  variety  of  raisin,  commonly  known  under  the 
name  of  Currants.  This  name  is  a  corruption  of  Corinth,  -where  they  were 
originally  grown,  but  they  are  now  chiefly  obtjiined  from  Zante  and  tlie  other 
Ionian  Inlands.  The  leaves  and  tendrils  of  the  Vine  are  astringent,  and 
have  been  used  in  diarrhoea ;  and  the  snp  hns  been  employed  in  France  ia 
chronic  ophthalmia. —  Vitia  vulpina^  V,  Labrusca,  and  other  species  or 
varieties,  which  grow  wild  in  North  America,  yield  fruits  which  are  known 
as  the  Muscadine  and  Fox-grapes.  These  are  similar,  although  very 
inferior  in  their  properties,  to  tho^  of  the  common  Grape. 

Natural  Order  52.  Pittosporace^. — The  Pittosponim  Order. 
— Diagnosis. — Trees  or  shrubs,  with  simple  alternate  exstipulate 
leaves.  Flowers  regular.  Sepals  and  peUils  4  or  5,  hypogynous, 
imbricate,  deciduous.  Stamens  5,  hypogynous,  alternate  with 
the  petals ;  anthers  2-celled.  Oviiry  superior  ;  style  single ;  gtig- 
mas  equal  in  number  to  the  placentas,  which  are  2  or  more,  and 
either  axile  or  parietal ;  ovules  anatropous,  horizontal  or  ascend- 
ing. Fndt  baccate  or  a  loculicidal  capsule.  Seeds  numerous, 
with  a  minute  embryo  in  copious  fleshy  albumen. 

DhstHhntion,  Example,  and  Numbers. — They  are  chiefly  Aus- 
tralian plants  ;  but  are  occasionally  found  in  Africa  and  some 
other  parts  of  the  globe.  None,  however,  occur  in  Europe  or 
America.  Examples  of  the  Genera : — Pittosporum,  Cheiranthera. 
The  order  includes  about  80  species. 

Properties  and  Uses. — These  plants  are  chiefly  remarkable 
for  their  resinous  properties.  Some  have  edible  fruits,  as  certain 
species  of  Billnrdiera.  A  few  are  cultivated  in  this  country  on 
account  of  their  flowers,  as  Sollya,  Billnrdiera,  &c. 

Natural  Order  53.  Canellace.b. — The  Canella  Order. 

Diagnosis. — By  some  authors  the  genus  Canella  is  placed  in 
Clusiacese,  by  others  in  Meliacea3.  This  order  is,  however,  at 
once  distinguished  from  the  Clusiacese,  by  its  general  appearance ; 
alternate  leaves ;  longitudinal  dehiscence  of  anthers ;  absence 
of  disk  ;  presence  of  a  style  ;  and  albuminous  seeds  :  and  from 
the  Meliacese,  by  its  unsymmetrical  flowers  ;  twisted  eestivation 
of  petals  ;  absence  of  disk  ;  and  homy  albumen. 

Distribution,  Examples,  and  Numbers. — This  order  contains 
3  species.  They  are  natives  of  the  West  Indies  and  continent  of 
America. 

Properties  and  Uses. — These  plants  have  aromatic,  stimulant, 
and  tonic  properties. 

Canella  alba.  The  Laurel-leaved  Canella  or  Wild  Cinnamon. — The  inner 
bark  of  this  plant  is  the  otHcial  Canella  of  the  British  Pharmacopoeia,  It 
has  been  confounded,  as  already  noticed,  with  Winter's  Bark,  and  hence 
haa  been  called  Spurious  Winter*s  Bark.  (See  Drimys.)  In  \i»  pn>pertiee 
it  is  a  warm  aromatic  stimulant  and  tonic  In  America  it  has  been 
employed  as  an  antiscorbutic.  In  the  West  Indies,  and  in  some  parts  of 
Europe,  it  is  used  as  a  spice.  It  has  an  odour  intermediate  between  cloves 
and  cinnamon.  By  distillation  it  yields  a  volatile  oil,  which  is  said  to  be 
sometimes  mixed  with,  or  substituted  for,  Oil  of  Cloves. 
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Cinnamodendnm. —  C  curiUnre,  a  native  of  Brazil,  and  C.  coriicogum,  A 
native  of  Jamaica,  &c.,  have  aromatic  barks,  which  jossess  similar  pro- 
perties to  the  bark  of  Canel/a  a/lta — C.  corticosum  yieltU  the  so-called 
Winter**  Bark,  as  now  commonly  found  in  commerce.     (See  Urimys.) 

Natural  Order  54.  Brexiacb-«. — The  Brexia  Order. — Dia- 
gnosis.— Trees  J  with  coriaceous  alternate  simple  leaves,  and  small 
deciduous  stipules.  FUjvcers  green,  in  axillary  umbels.  Calyx 
5-parted,  persistent,  imbricate.  Petals  6,  hypogynous,  twisted. 
Stamens  hypogynous,  equal  in  number  to  the  petals  and  alter- 
nate with  them,  arising  from  a  toothed  disk  ;  anthers  2-celled, 
with  longitudinal  dehiscence.  Ovary  superior,  5-celled  ;  omtles 
numerous ;  pUicentas  axile  ;  style  1.  Fruit  drupaceous,  5- 
comered,  5-celled,  rough.  Seeds  numerous,  horizontal,  smooth  ; 
embryo  straight  ;  albumen  fleshy. 

Distribution,  Examples^  andNumhers. — Principally  natives  of 
Madagascar.  Examples  of  the  Genera: — Brexia,  Argophyllum. 
There  are  6  species,  according  to  Lindley. 

Properties  and  Uses. — Altogether  unknown. 

Natural  Order  55.  Olacace^.  — The  Olax  Order. — Diagnosis. 
— Trees  or  shrubs,  with  alternate  simple  entire  exstipulate  leaves. 
Flowers  small,  regular,  axillary.     Calyx  minute,  monosepalous, 

fenerally  enlarging  so  as  to  cover  the  fruit ;  SRstivation  imbricate. 
^etals  hypogynous,  valvato  in  aestivation.  Stamens  definite, 
partly  sterile  and  partly  fertile  ;  the  latter  opposite  to  the  petals, 
inserted  upon  or  outside  of  a  conspicuous  disk  ;  anf/tera  2-celled, 
bursting  longitudinally.  Ovary  free,  often  imbedded  in  the  disk ; 
ovules  pendulous  from  a  free  central  placenta.  Fruit  drupaceous. 
Seed  without  integunients,  solitary,  pendulous ;  embryo  minute ; 
albumen  fleshy. 

Distribution,  Examples,  and  Nvmhers. — Natives  of  tropical  or 
sub-tropical  regions.  Examples  of  the  Genera: — Olax,  Liriosma. 
The  number  of  species  is  doubtful. 

Properties  and  Uses. — Some  have  fragrant  flowers.  The 
fruit  of  Ximenia  amerimna  is  eaten  in  Senegal.  The  leaves  of 
Olax  zeylanica  are  used  by  the  Cingalese  in  their  curries,  &c., 
and  the  wood  in  putrid  fevers.  The  wood  of  Heisteria  coccinea 
is  considered  by  some  to  furnish  the  Partridge-wood  of  cabinet- 
makers.    (See  G^iettarda.) 

Natural  Order  50.  Icacinace^. — The  Icacina  Order. — Dia- 
gnosis.— This  is  an  order  of  plants  consisting  of  evergreen  trees 
and  shrubs,  and  formerly  included  in  the  order  Olacaceae ;  but, 
as  shown  by  Miers,  they  are  clearly  distinguished  from  that 
order,  as  follows : — *  They  differ  most  essentially  in  the  calyx 
being  always  small,  persistent,  and  unchanged,  and  never  in- 
creasing with  the  growth  of  the  fruit ;  the  stamens  being  always 
alternate  with  the  petals,  not  opposite  ;  the  petals  and  stamens 
are  never  fixed  on  the  margin  of  the  conspicuous  cup-shaped 
disk  ;  the  ovary  is  normally  plurilocular  with  axile  placentation, 
imd  when  unilocular,  this  happens  only  from  the  abortion  of  the 
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other  cells,  the  traces  of  which  are  always  discernible,  never 
completely  unilocular  at  the  summit,  and  plurilocular  at  base, 
with  free  central  placentation.  In  Icacinaceai  the  ovules  are 
suspended  below  the  summit  of  the  cell  in  pairs  superimposed 
by  cup-shaped  podosperms  ;  only  one  of  these  becomes  per- 
fected, and  the  seed  is  furnished  with  the  usual  integuments.* 

Distribution,  Examples,  and  Numbers. — 'They  are  natives  of 
tropical  or  sub-tropical  countries ;  chiefly  the  East  Indies,  Africa, 
and  South  America,  a  single  species  being  found  each  in  New 
Holland,  Norfolk  Island,  and  New  Zealand.'  Examples  of  ihe 
Genera: — Icacina,  Sarcostigma.     There  are  about  70  species. 

Properties  and  Uses. — Unknown. 

Natural  Order  57.  Cykillace^e.— The  Cyrilla  Order. — Dia- 
gnosis.— Evergreen  shrubs,  with  alternate  exstipulate  leaves, 
nearly  related  to  OkuMcesR,  but  chiefly  distinguished  by  their 
imbricate  petals,  which  are  altogether  free  from  any  hairiness  on 
their  inside  ;  and  by  the  stamens  being  all  fertile,  and,  if  equal 
in  number  to  the  petals,  alternate  with  them. 

DistrHyiition,  Examples,  and  Numbers. — They  are  all  natives 
of  North  or  Tropical  America.  Examples  of  the  Genera :  —Cyrilla, 
Mylocaryum. — There  are  6  species. 

Properties  and  Uses. — Unknown. 

Natural  Order  58.  HumiriacE;*:. — The  Humirium  Order. — 
Diagnosis. — Trees  or  shrubs  with  a  balsamic  juice.  Leav^  alter- 
nate, simple,  coriaceous,  exstipulate.  Calyx  5-parted,  imbricate. 
Petals  5,  imbricate.  Stumens  hypogynous,  20  or  more,  monadel- 
phous ;  aivthers  2-celled  ;  cmmective  elongated  beyond  the  anther- 
lobes.  Ovary  superior,  usually  surrounded  by  a  disk,  5-celled  ; 
ovules  1  or  2  in  each  cell,  suspended ;  style  simple  ;  stigma  6- 
lobed.  Fruit  drupaceous,  5-celled,  or  fewer-celled  by  abortion. 
Seed  with  a  narrow  embryo  lying  in  fleshy  albumen,  orthotropous. 

Distribution,  Examples,  and  Numt)er8. — Natives  of  tropical 
America.  Examples  of  tlte  Genera: — Humirium,  Yantanea. 
There  are  18  species. 

Properties  and  Uses. — A  balsamic  yellow  oily  liquid,  called 
Balsam  of  Umiri,  is  obtained  from  the  incised  stem  of  Hvmiri^im 
Horihundum  ;  this  is  reputed  to  resemble  Copaiba  in  its  proper- 
ties. The  bark  is  used  by  the  Brazilians  as  a  perfume.  Other 
species  are  also  said  to  yield  useful  balsamic  liquids.  The  so-called 
balsamic  liquid  found  in  plants  of  this  order  is  probably  not  a 
true  balsam,  but  an  oleo-resin  resembling  Wood  Oil  and  Copaiba. 

Natural  Order  59.  Rutaoe^. — The  Rue  Order. — Character. 
Trees,  shrubs,  or  rarely  herbs.  Leaves  exstipulate,  opposite  or 
alternate,  simple  or  pinnated,  dotted.  Flowers  perfect  {jig. 
573),  regular  or  irregular.  Calyx  having  4—5  segments  (jias. 
573  and  606),  imbricate.  Petals  equal  in  number  to  the 
divisions  of  the  calyx  (figs.  573  and  606)  or  wanting,  rarely 
combined  so  as  to  form  a  monopetalous  corolla  ;  seitivaiioH 
usually  twisted,  rarely  valvate.     Stamens  equal  in  number^  or 
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twice  {figs.  573  and  606)  or  thrice  as  many  as  the  petals,  or 
rarely  fewer  by  abortion,  inserted  on  the  outside  of  a  cup- 
shaped  hyix)gynou8  disk  (^.  573).  Ovary  sessile 
(fig.  606)  or  supported  on  a  stalk  (^i^.  619,  9) ;  it  is 
composed  of  from  2  to  5  carpels,  which  are  either 
distinct,  or  united  so  as  to  form  a  compound  ovary 
having  as  many  cells  as  there  are  component  carpels  ; 
gtyU  simple  (fig.  6(Ki)  or  divided  towards  the  base  ; 
ovuUs  2, 4,  or  rarely  more,  in  each  cell.  F^'^iit  capsular, 
its  carpels  either  united  or  more  or  less  distinct.  Seeds 
solitary  or  in  pairs  ;  aXbumen  present  or  absent ;  radicle 
superior  (fig.  918).  Fig.  918.  Ver- 

Ditignosis. — Leaves  exstipulate,  dotted.  Flowers  JJ^^j^^ 
perfect.  Calyx  and  corolla  with  a  quaternary  or  tttux  of  the 
quinary  distribution  of  their  parts  ;  the  former  with  Common 
an  imbricate  {estivation,  tho  latter  twisted  or  valvate,  g^KfouL), 
and  sometimes  wanting.  Stamens  equal  in  number, 
or  twice  or  thrice  as  many  as  the  petals,  or  fewer,  inserted  on 
the  outside  of  a  hypogynous  disk.  Ovary  of  from  2—5  carpels, 
separate  or  combined,  either  sessile  or  elevated  upon  a  stalk  ; 
ovules  sessile.  Fruit  capsular.  Embryo  with  a  su|>erior  radicle. 
Albumen  present  or  absent. 

DivisUni  of  the  Order,  and  Examples  of  the  Genera. — Tho 
Rutaceae  have  been  divided  as  follows  : — 

Sub-order  1.  Rutese. — Seeds  containing  albumen.  Fruit  with 
the  mesocarp  and  endocarj)  combined.     Example  : — Euta. 

Sub-order  2.  Dioimeee. — Seeds  exalbuminous.  Fruit  having  tho 
mesocarp  sepai-ate  from  the  endocarp  when  Ti\ye.  Example : — 
Barosma. 

These  sub-orders  are  by  no  means  well  established.  As  already 
noticed,  the  order  Aurantiaceie  is  sometimes  regarded  as  a  tribe 
of  the  Rutaceft). 

Distribution  and  Nnmhers.  — The  Ruteoe  are  found  chiefly  in 
the  southern  part  of  the  temperate  zone  ;  the  genera  Diosma^ 
Barosma,  &c.,  abound  at  the  Cape  of  Good  Hope  ;  other  genera 
are  found  in  Australia  ;  and  some  in  equinoctial  America. 
There  are  about  400  species. 

Properties  and  Uses. — The  plants  of  this  order  are  generally 
characterised  by  a  powerful  penetrating  odour,  and  bitter  taste. 
In  medicine  they  are  employed  «is  antispasmodics,  tonics,  febri- 
fuges, diuretics,  &q. 

Barotma. — The  leaves  of  several  species,  which  arc  commonly  known  as 
Buchu  ieaveSf  are  used  in  medicine  for  their  aromatic,  stimulant,  anti- 
■paamrdic,  and  diuretic  ]  roperties ;  thev  seem  also  to  have  a  specific 
influence  over  the  urinary*  organs.  The  pmnts  yielding  them  are  natives  of 
the  Cape  of  Good  Hope.  They  owe  their  proj>efties  essentially  to  a  power- 
fally  Bcented  volatile  oil.  They  also  contain  abundance  of  tnuciiage,  and, 
according  to  Landerer,  a  peculiar  bitter  principle  called  6an)«iMin  ordionmin. 
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The  official  species  of  the  British  Pharmacopoeia  are  B.  b^vdinay  B,cretiidaia, 
an«l  B.  $er  rat  if  alia. 

Cnrrm  alba,  and  other  species. — The  leaves  are  sometimes  employed  as  t 
sub-ititute  for  tea  in  Australia. 

Dictamnus  Fraxinella  False  Dittany. — The  root  was  formerly  much, 
used  in  medicine,  an<l  reputed  to  pt>sse:;»s  nromatic  tunic,  diuretic,  anti- 
spa^nodic,  and  emmenagugue  properties,  but  it  is  now  rarely  or  ever 
enipinyed.  The  plant  contains  such  a  large  amount  of  volatile  oil  as  to 
nMider,  it  is  said,  the  atmosphere  around  it  inflammable  in  hot  weather ; 
we  have,  however,  never  found  this  to  be  the  case. 

EviHiia  ginuca. — The  bark  is  extensively  used  by  the  Japanese,  both 
medicinally  and  for  dyeing  purposes. 

JCsenbtckia  febri/u^t  a  native  of  South  America,  has  a  febrifugal  bark, 
which  is  used  in  Brazil  as  a  substitute  for  Peruviiin  Bark.  It  is  said  by 
Maisch  to  be  sometimes  substituted  for  the  official  Angustura  Bark  in  the 
United  States,  and  has  aI«io  been  met  with  in  France. 

Galipta  Cusparia, — ^This  species  is  the  source  of  the  official  Cusparia  or 
Anifustura  Bark.  This  bark  is  imported  directly  or  indirectly  from  South 
America.  It  is  used  in  medicine  as  a  stimulant  tonic  and  febrifuge,  ia 
small  doses  ;  while  in  large  doses,  it  is  somewhat  emetic  and  purgative.  It 
has  fallen  into  disrepute  on  the  Continent,  in  conse^iuence  of  the  substitu- 
tion for  it  formerly  of  a  verv  poisonous  bark  obtained  from  Strychnoa  Xux- 
vomica.  At  one  time  the  su\jstitution  was  so  common  that  the  importation  of 
Angusturu  Bark  into  Austria  was  prohibitvd,  and  the  whole  of  it  then  fbcmd 
in  that  empire  was  ordered  to  be  destroyed.  At  the  present  time  sach  t 
stibsti  ution  is  never  met  with,  although  it  occurred  in  Dublin  about  thirty 
years  ago. 

Pilocarpus  pennatifoliug. — The  leaves  and  young  shoots  of  this  plant, 
which  is  a  native  of  Bruzil,  appear  to  be  the  principal  source  of  the  drug 
known  under  the  n  ime  of  Juborandi.  This  is  an  energetic  diaphoretic  and 
sialagogue,  which  has  recently  been  introduced  into  this  country,  and  iti 
practical  value  as  a  remedial  agent  is  now  undergoing  investigation. — 
/*.  Sellnanus,  an  allied  species  or  variety  of  the  above,  is  also  stated  to 
aflbrd  Jaborandi.  This  name  .iaborandi  is  Iikewi.<<e  applied  in  South  America 
to  several  other  plants  of  very  ditterent  affinities.  A  speciea  of  pepper, 
Piper  Jaborandiy  is  especially  bo  designated. 

Hutu, — R.  graveoUns.  Commtui  Kue. — This  plant,  which  is  a  native  of 
Europe,  has  a  very  powerful  disgreeable  peculiar  odcur,  which  it  owes  to 
the  prei:ience  of  a  volatile  oil,  which  is  official.  Itj»  taste  is  bitter  and 
nauseous.  It  is  used  in  medicine  as  an  antispasmodic,  anthelmintic, 
emiitenagogue,  stimulant,  and  carminative.  It  has  been  regarded  for  agei 
as  moHt  beneHcinl  in  warding  ofl' contagion,  and  to  keep  oft'  noxious  insects. 
This  plunt  is  said  to  be  the  Feganon  of  the  New  Testament  (Luke  xi.  42). 
— Ihfta  montana  posi^esses  very  acrid  properties  ;  so  much  so,  indeed,  as  to 
blister  the  h^nds  of  these  who*  gather  it. 

Ticorea  ftbrifuga,  a  native  of  South  America,  has  a  febrifugal  barkt 
which  is  used  in  some  districts  as  a  substitute  for  Peruvian  Bark. 

Natural  Order  60.  Xanthoxylace^. — The  Prickly  Ash 
Order. — Diatjnot^is. — Tiie  plants  of  this  order  are  trees  or  shmbs, 
reseinbling,  in  almost  all  their  characters,  the  Rutacece,  irith 
which  they  were  formerly  united.  The  only  good  character,  in- 
deed, by  ^'hich  the  Xanthoxylaceas  may  be  distinguished  from 
the  Rutaceffj,  is  in  their  having  constantly  polygammts  flcwen, 
Thefniit  of  Xanthoxylacefe  is  sdso  sometimes  baccate  and  inde- 
hiscent,  instead  of  being  universally  capsular  ;  and  the  seeds  $m 
always  albuminous,  in  place  of  being  sometimes  albuminoai 
and  at  other  times  exa\W\iimow%)  as  is  the  case  in  the  ButioMB. 
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DistrlhutUm^  Examples,  andNumhers. — These  plan ta  are  found 
both  in  temperate  and  tropical  regions  of  the  globe  ;  they  are, 
however,  most  abundant  in  the  tropics,  and  especially  so  in  tro- 
pical America.  Examples  of  the  Oenera : — Xanthoxylon,  Tod- 
dalia,  Ptelea.  There  are  about  110  species  included  in  this 
order. 

Properties  and  Uses. — These  plants  are  almost  universally  cha- 
racterised by  pungent  and  aromatic  properties,  and  sometimes  by 
bitterness.  In  medicine,  they  have  been  employed  as  stimulants, 
sudorifics,  febrifuges,  tonics,  sialagogues,  and  emmenagogues. 

Ptelea. — The  root- bark  is  much  employed  by  the  eclectic  practitioner  in 
the  United  States  of  America  an  a  tonic  in  remittent  and  intermittent 
fevers.  'I  he  fruit  is  very  bitter  and  aromatic,  and  has  been  used  as  a 
substitute  for  Hops,  while  the  young  green  shoots  are  reputed  to  possess 
anthelmintic  properties. 

Toddtdia  aculeata,~-The  bark  of  the  root  is  official  in  the  Pharmacopoeia 
of  ludia.  It  {KKSj^esseH  aromatic  tonic,  stimulant,  and  antiperiodic  pro])erties, 
and  vras  formerly  known  iu  Europe  under  the  name  of  Lopez  root,  and  used 
as  a  remedy  in  (TiarrhGea. 

Xanthoxylon  {Zanthnxylwn). — The  species  of  this  fi^enus  posses*  in  a 
remarkable  de^rree  pungent  and  aromatic  properties  ;  hence  they  are  popu- 
larly termed  Pepi^ers  in  their  native  countries.  In  America  they  are 
commonly  known,  from  their  prickly  bnrk,  under  the  name  of  Prickly  Ash. 
The  fruit  of  A",  piperitum  is  employed  by  the  Chinese  and  Japanese  as  a 
condiment,  and  as  an  antidote  afrainst  all  poisons.  It  is  frenerally  termed 
in  commerce,  Japanese  Pt- ppcr.  The  aromatic  punf^ent  properties  appear  to 
be  confined  to  the  pericarp. — A'^.  atatum  yields  an,  unaloijous  pepper  to  the 
above,  and  StenhouHe  has  described  two  peculiar  principles  which  he  obtained 
from  it,  viz.  an  oil  and  a  stearopten  ;  the  former  is  a  pure  hydrocarbrm,  to 
which  the  aromatic  odour  of  the  pepper  is  due  and  to  which  he  has  driven 
the  name  of  Xanthoxylene :  the  latter  is  a  crvstalline  solid  body  consisting 
of  carbon,  oxyijen,  and  hydrojren,  but  devoid  of  nitrogen  when  pure,  and 
which  he  has  called  Xanthoxylin.  It  is  probable  that  it  also  contains  a 
resinous  substance,  to  which  its  pun/^ency  is  due.  The  fruits  of  X.  hastile 
and  X.  Budrunga  have  f^imilar  firoper'ties.  The  seeds  and  fruit  of  the 
former  are  sometimes  employed  in  India  for  the  purpose  of  stupefyinf?  fish. 
The  seeds  of  X.  Budrunga  are  aromatic  and  fragrant,  like  Lemon  peel ; 
and  the  unripe  fruit  and  seeds  of  X.  Rhetna  have  a  taste  like  that  of  oraiip;e- 
peel.  The  root  of  X.  nitidum  is  used  as  a  sudorific,  stimulant,  febrifujre, 
and  emmena^r^'f^ue  by  the  Chinese.  The  bark  of  X.fraxineum  is  ofl^cial  in 
the  United  States  Pharmacopa'ia  under  the  name  of  Prickly  Ash  Bark.  It 
is  chiefly  used  as  a  remedy  in  chronic  rheumatism.  It  is  aW  a  popular 
remedy  as  a  masticatory* in  toothache;  hence  the  phmt  is  also  known 
under  the  name  of  the  Toothache  Shrub.  The  bark  contains  berberine.  The 
barks  of  other  species,  as  those  of  JV.  (^ava-Herculis,  Linn.,  and  of  X.  cam^ 
linianum  of  Lamarck,  possess  somewhat  similar  properties  to  the  bark  of  X, 
f'raxineum. 

Natural  Order  61 .  OchnacEwE.  —  The  Ochna  Order.  — 
Character. —  Undershrubs  or  smooth  trees,  with  a  watery  juice. 
Leaves  simple,  stipulate,  alternate.  Pedicels  jointed  in  the 
middle.  Sepals  5,  persistent,  imbricate.  Petals  hypogynous, 
definite,  sometimes  twice  as  many  as  the  sepals,  deciduous, 
imbricate.  Stamens  equal  in  number  to  the  sepals  and  opposite 
to  them,  or  twice  as  many,  or  more  numerous  ;  filaments  persia- 
tent,  inserted  on  a  hypogynous  disk ;   antAers  ^-ccXi^^  NiSJiXt 
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longitudinal  or  porous  dehiscence.  Carpels  corresponding  in 
number  to  the  petals,  inserted  on  a  large  fleshy  disk,  which  be^ 
comes  larger  as  the  carpels  grow  ;  omiles  1  in  each  carpel,  erect 
or  pendulous.  Fruit  consisting  of  several  indehiscent,  somewhat 
drupaceous,  1-seeded  carpels.  Seed  exalbuminous  or  nearly  so ; 
embnjo  straight ;  radicle  towards  the  hilum. 

Distribution,  Examples,  and  Numbers  — Natives  chiefly  of  the 
tropical  parts  of  India,  Africa,  and  America.  Examples  of  ths 
Geuera  : — Gomphia,  Ochna.*    There  are  about  80  species. 

Properties  a^id  lists. — The  plants  are  generally  remarkable 
for  their  bitterness.  Some  have  been  employed  as  tonics  and 
astringents;  others,  as  Gomphia  parviflora,  yield  oil,  which  is 
used  in  Brazil  for  salads.  In  their  properties  generally,  the 
Ochnaceie  much  resemble  the  Simarubacese. 

Natural  Order  G2.  Coriabiaceje. — The  Ooriaria  Order. — 
Diag}u)sis. — This  name  is  given  to  an  order  which  inotudea  but 
1  genus,  and  8  species.  Its  aflinities  are  by  no  means  understood ; 
but  it  appears  to  be  most  nearly  related  to  Ochnaceie,  with  which 
it  agrees  in  having  its  carpels  distinct,  and  placed  on  an  enlaiged 
disk  ;  but  it  is  distinguished  from  that  order  by  its  oppouta 
leaves  ;  sometimes  polygamous  flowers  ;  persistent  fleshy  petals ; 
absence  of  style  ;  and  long  linear  distinct  stigmas. 

DudrilmtUm. — Natives  of  the  South  of  Europe,  Chili,  Peru, 
New  Zealand,  and  Nepaul. 

Properties  and  Use^. — The  plants  of  tliis  order  are  generally 
to  be  regarded  with  suspicion,  as  they  have  sometimes  produced 
poisonous  effects.  The  fruits  of  some,  however,  are  edible,  as 
Coriiiria  nepalensis,  a  native  of  the  North  of  India,  and  those  of 
C,  samientosa,  a  native  of  New  Zealand  ;  in  the  latter  case  the 
pericarp  is  alone  eaten,  the  seeds  being  poisonous.  The  fruits 
of  C.  myrtifolia  and  C,  ruscifolia  are  very  poisonous  ;  these 
plants  have  been  employed  by  dyers  in  the  production  of  a  black 
dye.  The  leaves  of  the  former  species  have  been  also  used  on 
the  Continent  to  adulterate  Senna  ;  this  is  a  most  serious  adulte- 
ration, as  these  leaves  are  poisonous.  They  owe  their  poisonous 
properties  to  a  glucoside  called  coria-myrtiiie.  They  may  be  at 
once  distinguished  from  Senna  leaflets  by  their  two  sides  being 
equal  and  symmetrical  at  the  base,  those  of  Senna  being  unequaL 
Chemically  they  are  also  known  from  Senna  by  their  infusion 
producing  a  very  abundant  blue  precipitate  on  the  addition  of 
persulphate  of  iron. 

Natural  Order  03.  Simaruba(:e.«.  — The  Quassia  or  Simaruba 
Order. — Character. — Shnibs  or  trees.  Leaves  without  dots, 
alternate,  compound  or  sometimes  simple,  exstipulate.  Flowers 
regular  and  symmetrical,  axillary  or  terminal,  perfect  or  uni- 
sexual by  abortion.  Cah/x  imbricate,  in  4  or  5  divisions.  Petals 
equal  in  number  to  the  divisions  of  the  calyx,  with  an  imbricated 
festivatiim,  sometimes  united  into  a  tube.  Stamens  twice  as 
manyj&a  the  petals,  each  inserted  on  a  hypogynous  scale ;  atUhert 
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with  longitudinal  dehiscence.  Ovary  stalked,  4  or  5>lobed.  4  or 
5-celled,  each  cell  with  1  suspended  ovule  ;  xtyU  simple  ;  digma 
with  as  many  lobes  as  there  are  cells  to  the  ovary.  Frtiit  of  4  or  5 
indehiscent,  l-seeded,  drupaceous  carpels,  arranged  around  a  com- 
mon axis.  Seed  pendulous,  with  a  membranous  integument,  ex- 
albuminous  ;  radkle  superior,  retracted  within  thick  cotyledons. 

Distrihxii  ioiij  Examples^  and  Nuinbers. — With  the  exception  of 
one  plant,  which  is  a  native  of  Nepaul,  they  are  all  found  in  the 
tropical  parts  of  India,  America,  and  Africa.  Examples  of  the  Ge- 
nera : — Quassia,  Simaruba,  Ailanthus.  There  are  about  50  species. 

Properties  and  Uses. — A  bitter  principle  is  the  most  remark- 
able characteristic  of  the  order  ;  hence  many  of  them  are  tonic 
and  febrifugal. 

AUanthuM. — The  bark  of  A.  excelm  is  regarded  in  India  as  a  tonic  and 
febrifuf^c.  It  may  be  used  as  a  substitute  f<ir  Quassia.  The  bark  of  A, 
malabarica^  when  incised,  yield.f  an  aromatic  gum-resinous  substance,  which 
is  emplo}'ed  in  dysenteric  and  as  incense  in  the  East  Indies.  The  leaves  of 
A.  glandulosa  are  the  favourite  food  of  the  silk  moth  (Bombjfx  Cynthia). 
The  root  is  larj^elv  used  in  China  as  a  remedy  in  dysentery. 

Bructa  quoMwidea^  a  native  of  the  Himalayas,  has  a*  very  bitter  root, 
which  forms  a  G^ood  substitute  for  Quassia. 

Irvingia. — i.  Barteri^  a  native  of  the  Western  Coast  of  Africa,  has  edible 
seeds,  from  which  a  kind  of  food,  called  Dika  or  Udika  bread,  is  prepared. 
The  fruits  of  species  of  Irvingia  are  edible,  and  are  termed  Wild  Mangoes  in 
tro[>ical  Africa. 

Picrtena  exceUa  yields  our  official  Quassia  Wood.  (See  Quassia.)  It 
is  much  used  as  a  tonic,  febrifuge,  and  stomachic,  and  also  possesses  an- 
thelmintic properties.  An  infusion  of  Quassia  sweetened  with  sugar  acts 
as  a  powerful  narcotic  poison  on  flies  and  other  insects  ;  hence  it  is  used 
as  a  fly-poison.  Like  other  pure  bitters,  its  infusion  may  be  also  employed 
to  preset  vc  animal  matters  fyoni  decay.  It  is  largely  used  by  brewers  as  a 
substitute  for  hops.  It  owes  its  active  profierties  chiefly  to  the  presence  of 
an  intensely  bitter  crystalline  substance,  called  Quanin.  In  Jamaica  this 
plant  is  known  imder  the  name  of  Bitter  Ash  or  Bitter  Wood.  The  wood 
was  much  used  a  few  vears  since  in  the  manufacture  of  small  goblets, 
which  were  sold  under  the  name  of  bitter  cum. 

QuoMsia  amara. — The  wood  is  intensely  oitter.  It  is  a  native  of  Surinam 
&c.,  and  was  formerly  much  used  as  a  febrifuge  and  tonic  ;  the  flowers  are 
also  stomachic.  It  is  the  original  Quassia  of  the  shop.n,  but  it  is  no  longer 
imported  into  this  country ;  that  now  sold  untier  the  name  of  Quassia 
being  derived  from  Picrsena  ezcelsa^  a  native  of  .Jamaica  &c. :  hence  the 
latter  may  be  called  Jamaica  Quassia,  and  the  former  Surinam  Quassia. 
It  is,  however,  still  official  in  some  of  the  Continental  pharmacopoeias.  (See 
Picrtena.) 

Samadera  indica. — The  bark  is  used  in  some  parts  of  India  as  a  febri- 
fuge ;  the  oil  from  the  seeds  is  largelv  employed  in  rheumatism  ;  and  the 
leaves  externally  in  ervsii>elas.  BotL  bark  and  seeds  contain  a  principle, 
which  has  been  termed  tamiderin. 

Simaba  Cedron. — The  seeds  are  hi^rhlv  esteemed  throughout  Central 
America,  where  they  are  employed  for  their  febrifugal  properties,  and  are 
thought  to  be  a  specific  against  the  bites  of  venomous  snakes  and  other 
Doxiuus  animals,  lliey  have  been  used  in  this  countr}'  for  the  latter  purpose, 
but  without  any  sensible  effect.  The  active  principle  has  been  named 
cedrin, 

Simaruba  {Simaroubd)  amara  is  a  native  of  Northern  Brazil  and  Guiana, 
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and  some  of  the  West  Indian  islands.  In  Jamaica  and  the  West  Indiei 
Ifenerally  its  place  is  taken  by  the  closely  allied  species  S.  glauca^  which  is 
known  under  the  name  of  Mountain  Damson.  This  latter  plant  has  often 
been  confounded  with  i^.  amara.  The  burk  of  the  root  uf  S.  amara  is 
official  in  the  United  States  Pharmaco{KBia.  It  possesses  t^mic  properties, 
and  has  been  used  in  diarrhoea,  dysentery-,  &c.  It  contains  Quag^inf  the 
same  principle  which  has  been  found  in  Quassia  wood. 

Natural  Order  64.     ZYOOPHYLLAOEiE.— The  Bean-Caper  or 
Guaiacum  Order.  — C haracter.  — Herbs,  shrubs,  or  trees.    Leave* 
opposite,    stipulate,    without  dots,    usually  imparipinnate,   or 
rarely   simple.      Flowers    perfect,   regular,    and   symmetrical. 
Calyx  4  or  5-parted,  convolute.      Petals  unguiculate,  4  or  6, 
imbricate   in  oestivation,  hypogynous.     Stame^is  8 — 10,  hypo- 
gynous,  usually  arising  from  the  back  of  small  scales  ;  filame^Us 
dilated  at  the  base.     Omry  4 — 5-celled,  surrounded  by  glands 
or  a  toothed  disk  ;  siyle  simple  ;  ovules  2  or  more  in  each  cell 
(figs.  654  and  656),  pendulous  or  rarely  erect ;  placeiUas  axile. 
Fndt  capsular,  dehiscing  in  a  loculicidal  manner,  or  separating 
into  cocci,  4  or  5-celled,  and  presenting  externally  as  many 
angles  or  winged  expansions  as  cells  ;  rarely  indehiscent.    Seeds 
few,  albuminous  except  in  Tribidns  and  Kallstr&mia ;    embnfo 
green  ;  radicle  superior  ;  cotykdoiis  foliaceous. 

Diagnosis. — Herbs,  shrubs,  or  trees,  with  opposite  stipulate 
dotless  leaves.  Calyx  and  corolla  with  a  quaternary  or 
quinary  distribution  ;  tlie  former  convolute  in  sesti  nation,  the 
latter  with  unguiculate  petals  and  imbricate.  Stamens  8—10, 
hypogynous,  usually  arising  from  the  back  of  scales.  Ovary 
4 — 5-celled  ;  style  simple.  Fruit  4  or  5-celled.  Seeds  few, 
with  little  or  no  albumen  ;  radicle  superior ;  cotyledons  foUa- 
ceous. 

Distiihution,  Examples,  and  Numbers. — They  are  generally 
distributed  throughout  the  warm  regions  of  the  globe,  but 
chiefly  beyond  the  tropics.  Examples  of  the  Genera: — Tribulus, 
Zygophyllum,  Guaiacum.  There  are  about  100  species.  Meli- 
anthus  is  by  some  botanists  separated  from  the  ZygophyIlaoe«, 
and  taken  as  the  type  of  a  new  order,  to  which  the  name  Meli- 
anthesB  has  been  applied. 

Properties  and  Uses. — Some  of  the  plants  are  resinous,  and 
possess  stimulant,  alterative,  and  diaphoretic  properties ;  others 
are  anthelmintic.  The  wood  of  the  arborescent  species  is  re- 
markable for  its  hardness  and  durability. 

Guaiacum. — The  wood,  and  the  resin  obtained  from  G.  officinale  are 
official  in  the  British  Pharn»aco|ioeia  ;  they  aie  commonly  known  as  Guaia- 
cum Wo#d,  and  Guaiacum  Kesin.  The  retin  is  generally  procured  by  burn- 
ing loss  ot  the  wood  much  incised  in  the  middle,  and  catching  the  re«in 
as  it  flows  from  the  central  incised  portion  in  a  calabash  or  some  other 
suitable  vessel  placed  below  it.  It  also  exudes  to  some  extent  spoa- 
taneously,  and  especially  so  when  the  tree  is  cut  or  wounded  in  any  way. 
Both  the  wood  and  resin' are  used  as  stimulants,  diaphoretics,  and  alterKtiret, 
chieAy  in  gout  and  rheumatism,  but  also  in  syphilitic  and  various  cutaoeoos 


■fl^Iidita.  Tbe  wmdli  known  in  oommeree  at  LignnrnTitiB.  ItUnmtrk- 
abl?  fbr  it«  hanlna.*.  tuuchnru,  ud  dunbllitv,  wbjch  qualitla  nnder  it 
very  Taliuble  for  manv  purpoM*.  Tbt  letvcs  arc  ttso  UKd  in  tha  WmI 
Indlea.  DTI  Recount  uf 'their  deteraive  qualitio',  for  nmurinK  Mid  wbiUnirw; 
flnor^.-'C.  wacdinbafiilinilir  mfdlciDalprii|wrtl«  to  tha  (bove.  and yialda 
■D  nnalocnuii  renin.  A  portion  nf  tbe  renin  ot  commrm  ud  kin  of  (Ju 
Tood  it  nhiained  Tnm  thlH  iipecin. 

iMrrm  mrilmiBi. — This  iilsnt  it  remirkiUe  for  hmving  an  odour  reaem- 
hlitiK  creaaote :  hence  it  Is  eommoDly  kiiown  u  the  Creuot«  Plant.  Tlie 
Hciirani  are  naid  to  n«e  an  infiitlon  of  the  leavea  for  bathing  In  with  good 
fitec\  in  rheumatic  aH'rcllon.i. 

Melianlhut  majnr.—J 

Good  Elopr.  wbtre  the  p 

Frgaitiim  Hatmaia, — In  India  the  tieeds  are  reputed  lo  be  ulimulant,  eni- 
menattocu*.  ■"''  anthelniinlie.  Tn  Turkey  they  are  uned  as  a  spice,  and  ali-o 
in  the  preparntioa  of  red  dj'es )  theae  dyet  art,  howevrr.  doi  of  a  vi^rj  per- 
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Nuttiral  Order  65.     Li.vace-e.— The  Flax  Order. — Charac- 
it. — Htrba  or  rarely  tkniha.     Ixattt  altenute  or  opposite,  or 


nrely  verticillate,  entire,  ewtipulate.  FUiuxra  regular  {Jig. 
B19),  syni  metrical,  generally  very  showy.  Caifix  imbricate,  with 
3,  4,  or  5  sepals  {fii}.  91D),  persiatent.  Fetah  3,  4,  or  5  {fig. 
fll9),  UD^icalate,  very  deciduous,  twisted  tn  ceitivation. 
Stamtnt  3,  4,  or  o,  united  at  the  baae  bo  as  tu  form  a  liypo- 
gynoui  ring  (fig.  ii20),  fmm  wlkiuh  prnceed  5  tooth-like  proceiaes 
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(abortive  atametia)  which  alternate  with  the  fertile  atamens,  and 
are  opposite  to  the  petals ;  anthers  innate  (Jig.  920).  Chary 
compound  {figs,  613  and  919),  its  cells  usually  corresponding  in 
number  to  the  sepals  ;  styles  3 — 5  ;  stigmas  capitate  {figs.  920 
and  921).  Fniit  capsular,  many-celled,  each  cell  more  or  leas 
perfectly  divided  into  two  by  a  spurious  dissepiment  proceeding 
from  the  dorsal  suture  {fig.  613,  h),  and  having  a  single  seed 
in  each  division.  Seed  with  very  little  or  no  albumen ;  embryo 
straight,  with  the  radicle  towards  the  hilum. 

Diagnosis. — Herbs  or  very  rarely  shrubs,  with  exstipulate 
simple  entire  leaves.  Flowers  hypogynous,  regular,  sjnanme- 
trical.  Sepals,  petals,  and  stamens  3— -5  each  ;  the  sepals  per- 
sistent and  imbricate  ;  the  petals  fugacious  and  twisted  in  aBsti- 
vation  ;  and  the  fertile  stamens  united  at  their  base,  and  having 
little  tooth-like  abortive  stamens  alternating  with  them.  Ovaiy 
3 — 5-celled,  styles  distinct,  stigmas  capitate.  Fruit  capsular, 
many-celled,  each  cell  more  or  less  divided  by  a  spurious  dis- 
sepiment, and  each  division  containing  one  seed.  Seeds  with 
little  or  no  albumen,  and  having  a  straight  embryo. 

DistribiUiony  Examples,  and  Numbers. — Chiefly  natives  of  the 
South  of  Europe  and  the  North  of  Africa,  but  more  or  less 
distributed  over  most  regions  of  the  globe.  Examples  of  the 
Genera  : — Liuum,  Radiola.     There  are  about  90  species. 

Fr&perties  and  Uses. — The  plants  of  this  order  are  generally 
remarkable  for  the  tenacity  of  their  liber  fibres,  and  also  for  the 
mucilage  and  oil  contained  in  their  seeds  ;  hence  the  latter  are 
emollient  and  demulcent.     A  few  are  bitter  and  purgative. 

Linum. — The  liber-fibres  of  Linum  usitatissimumt  when  prepared  in  a 
particular  way,  constitute ^ax,  of  whir'h  linen  fabrics  are  made.  In  1873, 
5f,194,000  cwts*  of  flax  were  imi)orted  into  this  country.  Linen,  when  scraped, 
forms  Hnt,  which  is  so  much  used  for  surgical  dressings ;  and  the  short  fibres 
of  flax  which  are  separated  in  the  course  of  it^  preparation,  constitute  (ov, 
which  is  much  employed  in  pharmacy,  surjyery,  and  for  other  purposes.  The 
seeds  of  this  plant,  which  is  commonly  known  as  the  Flax  Plant,  are  termed 
Flaxseed,  Linseed,  or  Lintseed.  Their  seed-coats  contain  much  mucilag:e,  and 
their  nucleus  oil.  The  oil  may  be  readily  obtained  from  the  seeds  by  ex- 
pression ;  the  amount  depending  upon  the  quality  of  the  seed,  and  the  mode 
adopted  for  its  exfiression,  and  varying  from  about  20  to  SO  per  cent.  Linseetl 
oil  is  especially  remarkable  for  drying  readily  when  applied  to  the  surface  of 
any  body  exposed  to  the  air,  and  thus  forming  a  hard  transparent  varnish. 
This  peculiarity  is  much  accelerated  if  the  oil  be  previously  boiled,  either 
alone,  or  with  some  preparations  of  lead.  The  cake  left  aft«r  the  expressioa 
of  the  oil  is  known  as  OiUcakfy  and  is  employed  as  food  for  cattle ;  and 
when  powdered,  it  is  commonly  sold  as  Linseed  Meal,  which  is  much  used 
for  making  poultices,  and  for  other  purposes.  Linsee.l  Meal,  however,  as 
sometimes  sold,  is  simply  Linseed  powdered  ;  hence  it  contains  tb«  oil. 
Which  is  not  present  in  the  ordinary  and  official  meal.  Linseed  Meal  which 
contains  the  oil  is  to  be  preferred  when  in  a  fresh  state.  An  infiudoii  of 
Linseed  is  employed  medicinally  for  its  demulcent  and  emollient  properties. 
The  oil  is  extensively  used  in  the  arts,  drc. ;  and  is  found  to  be  a  valuable 
application  to  burnt  or  scalded  part^  either  alone,  or  combined  with  an 
equal  quantity  of  Lime-water;  this  mixture  is  commonly  known  under 
the  name  of  Varron-oU,  a  name  derived  fh>m  its  having  been  exteasivBly 
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tmf\oyeA  ia  Ibe  Carron  Imn-rouiidrT.  Snmc  patrals  vert  lakni  ont  »m« 
vcan  ■  nee  for  the  manufacture  of  what  has  lieen  called  Flan  colton,  which 
It  wiB  believed  could  he  umiI  in  th»  maauHicture  of  fabrits  in  the  aaiiie  waf 
as  ordinarv  cotiun.  but  the  procna  ^wtiicb  mni'ialed  ewenlially  Id  reducing 

ei —  ..  . niinule  slate  '•(  division,  by' first  Weeping 

luniii  III  a  inuuiimi  I'l  i:>iinii<a>E  uf  wHJa,  ami  afteivatdA  In  awealt  add  tolu- 
linn)  has  not  answered. — Lima  eatharticnm,  popularly  termed  Purging 
Flax,  is  a  common  Indigenous  plant.  It  poseesKK  actii-e  parmtive  proper- 
ties, end  might  he  much  mure  rmplnyed  an  a  medicine  than  is  the  case  at 
preseut, — /.laan  tdagiitnidrt,  a  Petuvisn  species,  is  reputed  to  be  bitter  and 

Natural  Order  60.  Oxalidace£. — Tlie  Wood-Sorrel  Order. — 
Character. — Herbi,  or  rarely  ikfihi  or  (reei,  generally  with  an 
acid  juice,  Leanei  alternate  or  rarely  opposite,  uaually  com- 
pound or  occasionally  simple  ;  generally  with  Btipules,  or  rarely 
exatipulate.  Fluvjen  r^ular  and  ay  in  metrical.  Sepalt  5  (^13. 
022),  persistent,  imbricate,  occasionally  somewhat  united  at  their 


base.  Pettdt  6  (>ff.  922),  hypogynous  (fig.  923),  unguictilate, 
rarely  wanting  ;  emfivatioii  twisted.  y(om«i«  double  the  number 
of  the  petals  and  sepals  (fig,  922),  arranged  in  two  rows  alter- 
nating with  each  other,  the  inner  row  lunger  than  the  outer 
Ifigt-  545  and  923)  and  opposite  to  the  petals,  commonly  some- 
what monadelphoua  (JU/.  545)  ;  arilhm  2-ceIled,  innate.  Ovary 
superior  {fig-  923),  3— 5-celled,  with  as  many  distinct  styles  aa 
there  are  cells  ;  itigTOai  capitate  or  somewhat  bi&d.  Fruit 
usually  capsular  and  3—  5-celied,  and  6 — 10-valved,  occasionally 
drupaceous  and  indehiacent  ;  ptactnicu  azile  (Jig.  023).  Stedt 
few  ;  sometimes  provided  with  a  fleshy  integument,  which  bunts 
with  elasticity  when  the  fruit  is  ripe,  and  expels  the  seeds  ; 
etnbryo  {fig.  924)  straight,  in  cartilaginous  fleshy  albumen  ; 
radicU  long,  and  turned  towards  the  hilum  ;  (otyUdont  flat. 

DiagiiOtU. — Herbs,  or  rarely  shrubs  or  trees,   usually  with 
compound  eistipulate  leaves.   Stems  continuous  and  not  separ- 
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able  at  the  nodes.  Flowers  hypogynous,  regular,  sjmmetrioal. 
Sepals,  petals,  and  stamens  with  a  quinary  distribution ;  the 
sepals  persistent  and  imbricate  ;  the  petals  twisted  in  estiva- 
tion ;  the  stamens  commonly  somewhat  monadelphous,  with 
2-celled  innate,  anthers.  Styles  filiform,  distinct.  Fruit  3 — 5- 
celled v  without  a  beak.  Seeds  feF,  with  abundant  albumen,  a 
straight  embryo,  long  radicle  turned  towards  the  hilum,  and  flat 
cotyledons. 

Distribution,  Examples^  and  Numbers. — These  plants  are 
generally  distributed  throughout  both  the  hot  and  temperate 
regions  of  the  globe  ;  the  shrubby  species  are,  however,  confined 
to  the  former.  They  are  most  abundant  at  the  Cape  of  Good 
Hope  and  in  tropical  America.  Examples  of  the  Gen^,ra : — 
Oxalis,  Averrhoa.     There  are  about  330  species. 

Properties  and  Uses. — Chiefly  remarkable  for  their  acid  juice, 
which  is  due  to  the  presence  of  binoxalate  of  potash.  They 
usually  possess  refrigerant  properties.  The  fruits  of  some  are 
eaten  by  the  natives  in  the  East  Indies,  but  they  are  too  acid 
to  be  generally  acceptable  to  Europeans. 

Averrhoa  Bilimbi  and  A.  Carambola  yield  acid  fruits,  known  rMpectirely 
under  the  names  of  Rlinibin^  and  Carambole.  They  are  eaten  by  the 
natives  in  the  East  Indies,  but  are  too  acidulous  for  Europeans,  who  never- 
theless use  them  for  pickles. 

Oxalh. — 0.  AcetoitUu^  Common  Wood-Sorrel,  is  a  common  indigenous 
plant  abounding  in  woods.  It  has  ternate  leaves,  and  is  considered  by 
many  to  be  the  true  Shamrock,  as  its  leaves  open  about  St.  Patrick's  Dav, 
When  infused  in  milk  or  water,  it  forms  a  pleasant  refrigerant  drink  m 
fevers.  The  leaves,  taken  as  a  salad,  are  antiscorbutic. — O.  erenata,  a  plant 
which  is  called  Arracacha,  together  with  others,  as  0.  Deppei^  O.  escuteHta, 
&c.,  have  edible  tubers,  which  are  used  as  substitutes  for  potatoes  in  some 
districts. — O.  anthelmhiticat  the  Mitchamitcho  of  Abyssinia,  has  very  acrid 
tubers.  These  are  much  employed  for  their  anthelmintic  properties  in  that 
countrj",  being  frequently  preferred  to  Kousso  {Brayera  anthetminHca\  s 
plant  belou<j^ng  to  the  Rosace^e,  and  which  is  also  largely  used  in  Ab}  ssinia 
fur  a  similar  pui'pose.     (See  Brayera  anthdmintica.) 

Natural  Order  67.  Baxsaminacbje. — The  Balsam  Order.— 
Character. — Herbaceous  plants  with  succulent  stems  and  a 
watery  juice.  Leaves  alternate  or  opposite,  simple,  exstipulate. 
Flowers  hypogynous,  very  irregular.  Sepals  3  (Jig.  789) — 6, 
very  irregular,  deciduous,  with  an  imbricate  aestivation,  the 
odd  one  spurred  {fig.  789).  Petals  6  (fi^.  789),  or  more  usually 
4,  1  being  abortive,  distinct  or  irregularly  united,  deciduous, 
alternate  with  the  sepals  ;  aestivation  convolute.  Stamens  5 
(fig.  789),  alternate  with  the  petals,  and  somewhat  united. 
Ovarif  composed  of  5  carpels,  united  s(^  as  to  form  a  &-celled 
compound  body  (fig.  789) ;  style  simple  ;  stigma  more  or  less 
divided  into  6  lobes.  Fruit  usually  capsular,  5-celled,  and 
dehiscing  in  a  septifragal  manner  by  5  elastic  valves,  which 
become  coiled  up  (Jig.  925) ;  placentas  axile  ;  sometimes  suo- 
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Fig.  925. 


culent  and  indehiscent.     Seeds  solitary  or  numeroug,  suspended, 
exalbuminous  ;  emhrijo  straight. 

Diagnosis,— Sncculent  herbaceous  plants, 
with  simple  exstipulate  leaves.  Stems  con- 
tinuous and  not  separable  at  the  nodes. 
Flowers  hypogynous,  very  irregular.  Sepals  3 
— 6 ;  petals  usually  4  ;  both  irregular  and 
deciduous  ;  aestivation  of  sepals  imbricate,  that 
of  the  petals  convolute.  Stamens  5.  Ovary 
5-ceUed  ;  style  simple.  Fruit  6-celled,  usually 
bursting  with  elasticity,  without  a  beak.  Seeds 
suspended,  exalbuminous.  This  order  is  by 
some  botanists  considered  only  as  a  tribe  of 
the  Geraniacefie. 

D*8trUnUlonf  Examples,  and  Numbers. — A 
few  are  scattered  over  the  globe  ;  but  they 
are  chiefly  natives  of  the  Indies,  growing 
generally  in  damp  shady  places  and  where  the 
temperature  is  moderate.  Example  of  the 
Genera: — Impatiens.  There  are  about  110 
species. 

Properties  and  Uses. — They  are  said  by  De  Candolle  to  be 
diuretic,  but  their  properties  are  generally  unimportant. 

Natural  Order  08.    Geraniace^.  —The  Crane's-bill  Order. — 
Character. — Herbs  or  shrtibs,  with  articulated  swollen  joints 


Fiff 


935.  Capsule  of 
Tonch-me-not  {Im- 
patifns  noH-m^tan- 
iierf),  with  recarved 
coUed-up  valves. 


Fio.  926. 


Fio.  928. 


Fici.  929. 

/Yj7.  926.  A  portioo  of  the  flowering  Btcm  of  Geranium  tplratkum. Fig. 

937.  Tbe  andrcecium  and  gyiKDciam  of  the  same. /^.  938  The  putU 

partially  matured,  surrounded  by  tbe  persUtent  calyx. Fit;.  939.  Traos- 

verse  aectlon  of  tbe  seed. 

{nodes).  Leaves  simple,  opposite  or  alternate,  with  membranous 
stipules.  Sepals  6  {Jig.  920),  persistent,  more  or  less  unequal ; 
asHvation  imbricate.  Petals  6  {Jig.  926),  or  rarely  4  from  abor- 
tion, unguiculate,  hypogynous  orperigynous  ;  sestitation  twiBted 
{Jig.  926).  Stamens  usually  twice  {Jig.  927)  or  thrice  as  many  as 
the  petals,  some  are,  however,  frequently  abortive,  hypogynous. 
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and  generally  somewhat  monadelphous  (Jig,  927),  the  alternate 
ones  shorter  and  occasionally  barren.  Carpels  5,  arranged  around 
an  elongated  axis  or  carpophore  {Jig,  928) ;  styles  corresponding 
in  number  to  the  carpels,  and  adhering  to  the  carpophore.  FruU 
consisting  of  five  l>seeded  carpels,  which  ultimately  separate  from 
the  carpophore  from  below  upwards  by  the  curling  up  of  the 
styles,  which  remain  adherent  at  the  summit  {Jig.  635).  Seeds 
without  albumen  ;  cotyledons  foliaceous,  convolute  {Jig,  929). 

Diagiwsis. — Herbs  or  shrubs,  with  simple  leaves,  membranous 
stipules,  and  articulated  swoUen  joints.  Flowers  usually  sym- 
metrical. Sepals  5,  imbricate.  Petals  twisted  in  aestivation. 
Stamens  generally  somewhat  monadelphous.  Fruit  consisting  of 
5  carpels  attached  by  means  of  their  styles  to  an  elongated  axis 
or  carpophore,  from  which  they  separate  when  ripe  from  below 
upwards  by  the  curling  up  of  the  styles.  Seeds  1  in  each  carpel, 
exalburoinous  ;  embryo  convoluted. 

IHstrUnUion,  Examples,  and  Numbers. — Some  are  distributed 
over  various  parts  of  the  world,  but  they  abound  ac  the  Cape 
of  Good  Hope.  Examples  oj  the  Genera ;—  Erodium,  Geranium, 
Pelargonium.     There  are  nearly  550  species. 

Properties  and  Uses. — Astringent,  resinous,  and  aromatic 
qualities  are  the  more  important  properties  of  the  plants  of  this 
order.     Many  are  remarkable  for  the  beauty  of  their  flowers. 

ErfHiium, — The  species  are  reputed  to  be  astringent. — E.  moschatum  is 
remarkable  for  itt)  musky  odour. 

Geranium. — The  root  of  G.  maculatum  is  a  powerful  astrin^nt^  for  which 
reason  it  is  much  used  in  North  America,  where  it  is  called  Alum-root.  It 
is  ofiicial  in  the  Pliarmacopoiia  of  the  United  States.  It  contains  much 
tannic  acid,  and  forms  a  good  substitute  for  kino  and  catechu. — G.parvi- 
Jiorum  produces  edible  tubercular  root«,  which  are  known  in  Van  Diemen^s 
Land  under  the  name  of  Native  Carrots. 

Pelargonwm. — The  species  of  this  genus  are  favourite  objects  of  culture 
by  the  gardener  on  account  of  the  beauty  of  their  flowers.  They  are  chiefly 
natives  of  the  Cape  of  Good  Hope,  but  the  species  have  been  much  improved 
by  cuKivation.  fhey  are  commonly,  but  imjiroperly,  called  Geraniums.  In 
their  properties  they  are  generally  astringent,  but  the  fresh  tubercular  roots 
of  P.  trUte  are  eaten  at  the  Cape  of  Good  Hope.  From  the  leaves  and 
flowers  of  Pelargonium  roseiim^  P.  odoratiMimum,  and  P.  Raduia^  and 
probably  other  species  or  varieties  of  Pelargonium,  essential  oils  may  be  ob- 
tained l)y  distillation  with  water.  The  latter  species  yields  the  true  German 
Geranium  oil  or  oil  of  Kose-leaved  Geranium,  as  well  as  the  French  Gera- 
nium or  *  Palma-roeee '  oil ;  and  the  two  flrst-named  species  yield  the  so- 
called  Algerian  Rose  oil.  Both  these  oils,  but  e8{>ecially  the  former,  are 
used  in  perfumery.  These  true  essential  oils  of  Geranium  must  not  be  con- 
founded with  the  so-called  Geranium  oil  of  India,  which  is  the  produce  of  an 
Indian  Grass,  Andmpogon  pac/tnode»t  Trin.  {A.  schcenanthus,  Linn.).  (See 
Andropogon.^  This  latter  oil  is  that  used  in  Turkey  for  mixing  with  Otto 
of  Roses.     (See  Rosa.) 

Natural  Order  69.  TROP^OLACEiE. — The  Indian  Crew  Order. 
— G haracter.  — Smooth  twining  or  trailing  herbaceous  plants, 
with  an  acrid  juice.  Leaves  alternate,  exstipulate.  Jrlowers 
axUlary.   Sepals  3 — 6  {Jig.  790),  the  upper  one  spurred  ;  yidyata 
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or  very  slightly  imbricate  in  sostivation.  Petals  {fig.  790)  1 — 6, 
hypogynoos,  more  or  less  unequal ;  aestivation  convolute.  Sta- 
mens (fig,  71K))  6—10,  somewhat  perigynous,  distinct ;  ant^iers 
2-celled.  Omry  of  3  {fi>g.  790)  or  6  carpels  ;  style  1  ;  stigmas  3 
or  5.  Fruit  indehiscent,  usually  consisting  of  3  carpels  arranged 
round  a  common  axis,  from  which  they  ultimately  separate,  each 
carpel  containing  one  seed.  Seed  large,  exalbuminous  ;  embryo 
large  ;  radicle  next  the  hilum. 

Distribntionf  Examples,  and  Numbers. — Chiefly  natives  of 
South  America.  Examples  of  the  Oenera : — Tropeoolum,  Chy- 
mocarpus.     There  are  about  40  species. 

Properties  atid  Uses. — Generally  acrid,  pungent,  and  anti- 
scorbutic, resembling  the  CrucifersB.  The  unripe  fruit  of 
Tropatolum  majus,  which  is  commonly  known  as  Indian  Cress  or 
Garden  Nasturtium,  is  frequently  pickled,  and  employed  by 
housekeepers  as  a  substitute  for  Capers.  Most  of  the  Tropao- 
lums  have  tubercular  roots,  some  of  which  are  edible,  as  T, 
tuberosum. 

Natural  Order  70.  LiMNANTHACSiE.  — The  Limnanthes  Order. 
— Diagnosis. — This  is  a  small  order  of  plants  included  by  Lind- 
ley  in  the  Tropceolaceee,  with  which  it  agrees  in  its  general  cha- 
racters ;  but  it  is  at  once  distinguished  from  that  order  by  having 
regular  flowers  ;  more  evidently  perigynous  stamens  ;  and  erect 
ovules.  It  forms  a  sort  of  transition  order  between  the  Thalami- 
florffi  and  Calycifloree,  although,  perhaps,  it  should  be  included 
in  the  latter. 

JLHstribuiiony  Examples,  and  Numbers. — Natives  of  North 
America.  Examples  of  the  Oenera: — Limnanthes,  Florkea.  These 
are  the  only  genera,  which  include  3  species. 

Properties  and  Uses. — In  these  they  resemble  the  Cruciferse 
and  T]x>pa3olaceie. 

We  conclude  our  notice  of  the  Natural  Orders  included  under 
the  Sub-class  Thalamiflorse,  by  the  following  Artificial  Analysis. 
It  is  founded  upon  that  given  by  Lindley  in  his  Vegetable  King- 
dom. The  object  sought  to  be  attained  in  this  analysis,  is  to 
render  it  easy  for  the  student  to  ascertain  the  order  to  which  a 
plant  belongs  ;  and  then,  when  the  plant  has  thus  been  referred 
to  its  proper  order,  by  turning  to  the  description  of  that  order 
as  here  numbered,  in  the  body  of  the  work,  a  more  complete 
account  will  be  found,  by  which  a  more  perfect  knowledge  of  it 
may  be  obtained.  But  it  should  be  noticed  that,  however  care- 
fuUy  such  artificial  analyses  may  be  drawn  up,  it  is  almost  im- 
possible to  render  them  universally  applicable,  on  account  of  the 
extreme  shortness  of  the  characters  which  are  necessarily  em- 
ployed. 


504   ANALYSIS   OF  THE   ORDEBS  IN   THE   THALAMIFLORA 


Artificial  Analyfii  of  the  Natural  Ord^r»  in  the  Sub-ckui 

TuALdMJFLOJtAi. 

(The  numben  refer  to  the  Orders  in  the  present  work.) 

1.  Fi/>WRRS  PoLYANDROUS. — StameuB  more  than  20. 
A.  Leaves  without  itipules. 

a.  CarpeU  more  or  less  dietincty  (at  least  as  to  the  styles'),  or  solitary, 

1.  Stauieiis  distinct. 

Carpels  immersed  in  a  fleshy  tabular 

thalamus    ....  .    NelnmbiacesB,     11. 

Cari)els  not  immer!>ed  in  n  thalamus. 
Embryo  in  a  vitellus ....     CabombacesB.    9. 
Embryo  naked,  very  minute. 
Seeds  arillate ,    ^  ,        .        .        .    DiUeniacem.    2. 
Seeds  exarillate.     Albumen  flesliy 
and  homogeneous. 

Flowers  hermaphrodite   .        .     Ranunculactm,     1. 
Flowers  unisexual   .        .        .     Schizandracesf.    6. 
Seeds  usually  exarillate.    Albumen 
ruminate     .        .  .        .    Anonacess,    4. 

2.  Stamens  united  in  one  or  more  parcels. 

Calyx  much  imbricated. 

Seeds  smooth Hypericacem.    S6. 

Seeds  shaggy Reaumuriaceae.    87. 

b.  Carpels  wholly  combined,  (at  least  as  to  the  ovaries),  with  more  them  one 
placenta. 
Placentas  parietal,  in  distinct  lines. 
Anthers  versutile.    J  nice  watery  .         •     Capparidacese.    1 6. 
Anthers  innate.    Juice  milky        .        .     Papaveracew.     V6. 
Placentas  {Mirietalj  spread  over  the  lining 

of  the  fruit Flacourtiacese,    19. 

Placentas  covering  the  dissepiments         .    Nymphmacem.    10. 
Placentas  in  the  axis. 

Stigma  large,  broad,  and  petaloid .        .     Sarraceniacese,     12. 
Stigma  simple.  Calyx  much  imbricated. 
Leaves  compound       ....    Rliizobolacem.    39. 
Leaves  simple. 
Petalsequal  in  number  to  the  sepals. 

Seeds  few Clusiaeem.    85. 

Seeds  numerous.     Petals  flat      .    Marcgraviacese,    88. 
Seeds  numerous.  Petals  crumpled     Cistacese.     18. 
Petals  not  equal  in  number  to  the 
sepals.     Styles  not  perfectly  com- 
bined   Temstratmiacese,     S4. 

Stigma  5- lobed.  Stamens  mouadelphous    Humiriucem.    58. 

B.  Leaves  with  stymies, 

a.  Carpels  more  or  less  distinct,  (at  least  as  to 

the  styles). 
Carpels  numerous MagnoKaceas.    3. 

b.  Carpels  wholly  combined,  (at  least  as  to  the 

ovaries),  with  more  than  one  placenta. 
Placentas  parietal Flacourtiaeem,     19. 
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PlAcentas  in  the  axis. 
Calvx  with  an  imbricate  (estivation. 

blowers  involucrate    ....     Chieenatem.    83. 
Flnwe»  not  involucrate      .        .        .     Cisiacem,     18. 
Calyx  with  a  valvate  aestiyatioo. 
Stamens  monadelphoua.    Anthers  2- 
celled. 
Filaments  united  into  a  column. 

Stamens  all  perfect  Sterculiacem.     29. 

Flaments  not  united  into  a  column. 
Stamens  partly  sterile         .        .    Byttneriaceae.    80. 
Stamens  monadelphous.    Anthers  1- 

celled Malvacem,    28. 

Stamens  monadelphous.    Calvx  irre- 
gular, and  enlarj^ed  in  the  truit     .     Dipteractm.    82. 
Stamens  quite  distinct       .        .        .     TuUtcea,    81. 

2.  FixtwERS  Of^ioANDKOus. — Stameos  leas  than  20. 

A.  Leave*  without  stipules. 

a.  Carpels  more  or  less  dislinett  or  solitary. 

Anthers  with  recurved  valves  .        .        .     BerberidacesB,    8. 
Anthers  with  longitudinal  dehiscence. 
Albumen  abundant,  embryo  minute. 
Flowers  uuisexual.    Seeds  usually  nu- 
merous     LardixabclacesB,    5. 

t  Flowers  polygamous.  Seeds  solitary  or 

twin '     .    XamikoxylaeesB.    60. 

Flowers  perfect. 
Embryo  in  a  viteUus      .        .        .     Oibombacess,    9. 
£mbr}'o  not  in  a  viteilus. 
Albumen  homogeneous. 

Sepals  2 Fumariacem.     14. 

Sepals  more  than  2  .        .        .    RanunruhtcesB.     1. 
Albumen  ruminate.     Shrubs       .     Anonacese.    4. 
Albumen    in   small   quantity,  or  alto- 
gether wanting. 
Flowers  unisexual      ....    Menispermacem,    7. 

b.  Carpels  wholly  combined^  {at  least  as  to  the 

ovaries). 
Placentas  parietal. 

Stamens  tetradynamou9         .        .        .     CrucifersB,     15. 
Stamens  not  tetradvnamoua. 
Large  hypogynous  disk. 
Flowers  tetramerons.    Fruit  closed 

at  the  apex Capparidaceae.     16. 

Flowers    not  tetramerous.      Fruit 
usually  open  at  the  apex     .        .     Resedacess.    17. 
Small  hypogynous  disk,  or  none. 
Albanien  abundant. 

Flowers  irregular        .        .        .     Fumariacese.     14. 
Flowers  regular.  Sap  milky.  Fruit 

without  central  pulp    *    .        .     Papavtracess.     13. 
Fruit  with  central  pulp,  or  Hwhy. 
Sap  watery       .  .      * .     Ftaeouriiacese^     19. 

Albumen  in  small  quantity,  or  want- 
ing. 
Calyx  tubular,  furrowed     .        .    Frankeniacess.    28. 
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Placentas  covering  the  dissepiments         • 
Placentas  axile. 
Styles  distinct  to  the  base. 

Calyx  valvate 

Calyx  much  imbricated. 
Seeds  smooth.  Petals  unequal-sided, 

without  appendages    . 
Seeds  shaggy.  Petals  unequal-sided, 
usually  with  appendages  at  the 

base 

Seeds  smooth.    Petals  equal  .        • 
Calyx  slightly  imbricated. 
Petals  not  twisted  in  lestivation. 
Ovary  with  a  free  central  placenta 

Styles  more  or  less  combined. 
Fruit  gynoltasic. 
Stamens  arising  from  scales   . 
Stamens  not  ansing  from  scales. 
Styles  whoUy  combined. 
Flowers  hermaphrodite    . 
Flowera  unisexual,  or  polyga- 
mous    .        .        .        .*      . 
Stvles  divided  at  the  apex. 
i*lowers irregular.  Fruit  usually 
with  elastic  valves 
Fruit  not  gynobasic 
Calyx  much  imbricated,  in  an  irre- 
gular broken  whorl. 
Flowers  symmetrical 
Flowers  unsymmetrical. 
Flowers  regular. 
Petals  with  appendages  at 
their  base.  Leaves  alter- 
nate      .... 
Petals  vi  ithout  appendages 
nt  their  base.  Leaves  op- 
posite    .... 
Flowers  irregular. 
Flowers    falsely    papilio- 
naceous.    Ovary   2 — 3- 
celled     .... 
Flowers  not  papilionaceous 
in  appearance.  Ovary  1- 
celled     .... 

Calyx  but  little  imbricated,  in  a  complete 
'  whorL 
Carpels  4  or  more. 

Seeds  winged 

Seeds  wingless. 

Stamens  united  into  a  long  tube     . 
Stamens  distinct,  or  nearly  so. 
Leaves  dotted.  Seeds  amygdaloid 
Leaves  without  dots.  Seeds  minute 
Carpels  less  than  4. 
Seeds  comose      ..... 
Seeds  not  comose. 
Ovules  pendulous.  Petals  twisted  in 
Aestivation 


yymphsBoeem.    10. 
Fiotanioceaf.     27. 
Hj/pericacoB,    36. 


Rtaumvriacue,     37. 
Linacea.     6a. 


Caryof^yUacem.     26. 

SimuLrubacem.     63. 

Rutacem.     59. 
XuHthoxylacem.     60. 

JBahamimaeete,     67. 
ClusiacetB,    35. 


Snpindactm.     40. 
Ae^racea.    44. 

Poljigalaetm.    41. 
Krameriacem.    42. 

Cedreiacem,    48. 

Meliaceae.    49. 

Aurantiacem.     50. 
Brtxiacem.     54. 

Tcimartcaeear.    24. 
Ca/ieUaeem,    58 
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Ovule«  ascending  or  horixontal. 

Petals  imbricate  in  lestivation    .     PitUmporaeem.    52. 

Ovules  pendulous.     Petals  imbri- 
cate in  aestivation        .        .        .     CyriUacem.    67. 

Calyx  valval e,  or  but  very  slightly  imbri- 
cate. 
Anthers  opening  by  pores      .        .        .     TremuHdracem,    43. 
Anthers  with  iongitudioal  dehiiHvnce. 
Calyx  generally  enlarging  with  the 

fruit Olacacue.    55. 

Calyx  small,  not  enlarging  with  the 

fruit IcaetHucem.    56. 

Stamens  more  or  less  perigynous. 
Flowers  irregular.    Ovules  pendulous     Trnpmoiaerm.    69. 
Flowers  regular.    0^'ules  erect .        .     LimnuHthacem,    70. 

B.  Ltavea  with  stipules, 

a.  Carpels  distinct,  or  solitary. 

Anthers  with  recurved  valves.    Carpel 

solitary Berheridacem.     8. 

Cari)els  several Coriariacea.    62. 

b.  Carpels  wholly  condtintd,  {at  least  as  to  the 

ovaries),  with  more  placetUtu  than  one. 
Placentas  parietal. 
Leaves  with  circinate  vernation        .        .    Droseraceas     22. 
Leaves  with  involute  vernation.    Anthers 

crested,  and  turned  inwards  .        .        .     ViolucesB.    20. 
Stamens  opposite  to  the  petals.    Anthers 
naked,  and  turned  outwards .        ,        .     Sauvapesiacese.    21. 
Placentas  axile. 
Styles  distinct  to  the  base. 
Calyx  much  imbricated,  in  an  irregular 
broken  whorl. 
Petals  small,  sessile    ....    Elatinacete.    25. 
Calyx  but  little  imbricated,  in  a  com- 
*  pl^le  whorl. 
Petals  conspicuous,  stalked         .        .    MalpiyhiaceM.    46. 

Calyx  valvato Tiliucem,    81. 

St^'les  more  or  less  combined.    Fruit  gy- 
nobasic. 

Gynobase  fleshy Ochnacese.    66. 

Gvnobase  drv. 

Leaves  regularly  opposite  .        .        .     XygophyUaceas,    64. 
Leaves  more  or  less  alternate. 

Fruit  beaked Geraniaceae.     68. 

Fruit  not  beaked     ....     Oxalidacete.    66. 
Styles  more  or  less  combined.    Fruit  not 
g}'nobasic. 
Calyx  much  imbricated,  in  an  irregular 
broken  whorl. 
Flowers  surrounded  bv  an  involucre  .     Chlssnaeese,    33. 
Flowers  not  surrounded  by  an  invo- 
lucre         SapindacesB.     40. 

Calyx  but  little  imbricated,  in  a  com- 
plete whorl. 
Stamens  3.    Sepals  and  petals  penta- 

meruus Hippocrateactss.    45. 
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Stamens  more  than  3. 
Calyx  glandular.     Petals  without 

appendages Malpt^iacese,    46. 

Calyx  not  glandular.    Petals  with 

appendages Enfthroxylactm.    47. 

Calyx  valvate. 
btamens  united  by  their  filaments  into 

a  column Stereuiiacem.    29. 

Stamens  not  united  into  a  column. 
Stamens  opposite  to  the  petals  if 
equal  to  them  in  number.  An- 
thers versatile  ....  Vitacem.  51. 
Stamens  alternate  with  the  petals 
if  equal  to  them  in  number.  An- 
thers not  vert«atile       .        .        .     Tiliacem,    81. 

In  order  to  prevent  the  student  being  milled,  and  thus  to  refer  plants  to 
their  wrong  positions  in  the  Vegetable  Kingdom,  it  should  be  particnlarlr 
noticed,  that  although  the  general  character  of  the  Thalamiflora  is  to  have 
dichlamydeous  flowers  and  polypetalous  corollas,  yet  exceptions  do  occur 
occasionally  to  both  these  characters.  Thus,  we  find  npetalous  genera  and 
species  in  aanuncuiacemf  MeniitpermacesB,  Papaceracem^  Flacnurtiaeea^  Cafy 
nphyllnceee^  SterculiaceoBy  Byttneriace«y  Tiliacete,  Malpighiacem,  Rutacem^ 
XantharylaceMgf  and  Geraniaeem.  Again,  in  the  oroers  Anonatem  and 
Jiutacirasy  wc  find  .some  monopetalous  species  and  genera.  In  TropBeolaetm 
and  Limnanthacewy  the  stamens  are  more  or  \e»»  pcrigynous,  instead  of  hypo- 
g}'nou8  as  is  commonly  the  ca^e  in  the  Thalamiflorie!  Perig}'noua  stamens 
are  also  occasional!}'  found  in  other  Thalamifloral  orders. 


Sub-class  II.     Cahjciflorx. 
1.  PerigyntB. 

Natural  Order  71.  Celastrace^. — The  Spindle-tree  Order. 
— Character. — Shruhsor  small  trees.  Leaves  simple,  generally 
alternate,  or  rarely  opposite,  with  small  deciduous  stipules. 
Sepals  4—5,  imbricate.  Petals  with  imbricate  aestivation, 
equal  in  number  to  the  sepals,  inserted  on  a  large  disk  which  sur- 
rounds the  ovary  ;  sometimes  wanting.  Stamens  as  many  as  the 
petals  and  alternate  with  them,  inserted  on  the  disk  ;  anthers 
innate.  i>i^  large.  Hat,  expanded.  Omri/ supeiior,  surrounded 
by  the  disk,  2  — 6-celled,  each  cell  with  1  or  many  ovules; 
pUiceyUas  axile  ;  omiles  ascending,  with  a  short  stalk.  FruU 
superior,  2 — 5-celled,  either  drupaceous  and  indehiscent,  or  cap- 
sular with  loculicidal  dehiscence.  Seeds  ascending,  with  {fig. 
747)  or  without  an  aril ;  aibwnen  fleshy  ;  embryo  straight ; 
radicle  short,  inferior  ;  cotyledons  flat. 

Diagnosis. — Slirubby  plants,  with  simple  leaves  and  small  de- 
ciduous stipules.  Flowers  small,  regular,  and  perfect ;  or  rarely 
unisexual  by  abortion.  Sepals  and  petals  4 — 5,  imbricate  in 
{estivation.  Stamens  equal  in  number  to,  and  alternate  with, 
the  petals,  and  inserted  with  them  on  a  large  flat  expanded  disk. 
Ovary  superior,  placentas  axile.  Fruit  superior,  2 — 5-oelled. 
Seeda  ascending,  albuminous  ;  embryo  straight,  radicle  inferior. 
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DistrUnUion,  .Examjile$y  and  Numbers. — Chiefly  natives  of 
the  warmer  parts  of  Asia,  North  Amerioa,  and  Europe ;  they 
are  also  plentiful  at  the  Cape  of  Good  Hope.  Generally  speal^ing, 
the  plants  of  the  order  are  far  more  abundant  out  of  the  tropics 
than  in  them.  Examples  of  the  Genera: — Euonymus,  Catha, 
Celastrus.     There  are  about  280  species. 

Properties  and  lines, — Chiefly  remaricable  for  the  presence  of 
an  acria  principle.     The  seeds  of  some  contain  oil. 

Catha  edulis, — The  youn^  slender  shoots,  with  the  attached  leaves,  con- 
stitute the  Arabian  (fni^  called  Kftt,  Khat,  or  Cafta.  Thia  is  lary^cely 
chewed  by  the  Arabs,  and  is  said  to  produce  fovat  hilarity  of  spirits  and  an 
a^^eeable  state  of  wakefulness.  A  decoction  m  also  made  from  it,  and  used 
a.s  a  beverage  like  our  tea;  its  effects  are  described  as  bein^  somewhat 
similar  to  those  produced  by  stronic  green  tea,  but  the  excitement  of  a  more 
p'easing  snd  azree^ible  nature.  Hy  some  writ4?rs  the  term  K&t  is  applied  to 
the  drug  in  its  unprepared  state,  and  Cafta  to  a  preparation  made  from  it. 
The  leaves  and  young  shoots  of  C.  apinota  are  also  said  to  be  used  in  the 
preparation  of  K&t. 

Cekutrus. — The  seefis  of  C.  panictdatus  yield  an  oil  oi  a  powerfully  stimu- 
lating nature,  which  is  sometimes  u^  as  a  medicine  in  India  under  the 
name  of  'Oleum  nigrum.* — C.  scandens  and  C.  ienepalenns  have  purgative 
and  emetic  barks. 

Elmodendron  Kubti.  ~The  drupaceous  fruits  of  this  species  are  eaten  at 
the  Cape  of  Good  Hope. 

Eunnymua. — E.  eumpmuM  is  the  common  Spindle-tree  of  our  hedges.  The 
wood  is  uoed  to  make  skewers,  spindles,  &c.  In  France,  charcoal  is  said  to 
lie  prepared  from  the  wood,  and  used  in  the  manufacture  of  gunpowder ; 
while  the  young  sh«)ots  in  a  charred  condition  form  a  kind  of  drawinir- 
pencil.  TBe  seeds  are  reputed  to  be  pui*gative  and  emetic,  and  are  also  said 
t »  be  poisonou'i  to  sheep.  The  seeds  of  some  other  species  have  similar  pro- 
lierties.  The  bark  of  E.  tingeua  has  a  beautiful  yellow  colour  on  its  in!«ide, 
which  may  be  used  as  a  dye. — E.  alropurpureus.  Wakoo.— The  bark  of  this 
plant,  anci  that  of  E.  americanws  are  u^ed  in  the  United  States  of  America 
in  the  preparation  of  tlie  eclectic  remedy  termed  euonymin.  This  is  reputed 
to  possess  tonic,  laxative,  alterative,  and  expectorant  pro{)erties. 

Natural  Order  72.  Stackhousiace^e.— The  Stackhousia 
Order. — Character. — Herbs  or  mrely  shrubs^  with  simple, 
entire,  alternate,  minutely  stipulate  leaves.  Calyx  5-cleft,  with 
its  tube  inflated.  Petals  5,  united  below  into  a  tube,  arising 
from  the  top  of  the  tube  of  the  calyx,  and  having  a  narrow 
stellate  limb.  Starnens  5,  distinct,  of  unequal  length,  perigynoud. 
Ovary  superior,  3  or  5-oelled,  each  cell  containing  one  erect 
ovule ;  styles  3  or  5,  distinct  or  combined  at  the  base.  Fruit 
consisting  of  from  3—5  indehiscent  carpels,  attached  to  a  central 
persistent  column.  Seeds  with  fleshy  albumen  ;  enib^ryo  erect ; 
radicle  inferior. 

Distribution,  Examples,  and  Numbers, — Natives  of  New 
Holland.  Examples  of  the  Oetvtra  : — Stackhousia,  Tripterococcus. 
There  are  about  20  species. 

Properties  and  Uses. — Unknown. 

Natural  Order  73.  Staphyleacb^.— The  Bladder-Nut 
Order. — Character. — ^n(&«,  with  opposite  or  rarely  alternate 
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pinnate  leaves,  which  are  furnished  with  deciduous  stipules  and 
stipels.  Ccdyx  5-parted  {fig.  778),  coloured,  imbricate.  Pet€Us 
6  (fig,  778),  alternate  with  the  divisions  of  the  calyx,  imbricate. 
Stamens  5  {fi^,  778),  alternate  with  the  petals,  and  inserted  with 
them  on  a  lar«(e  disk.  Ovary  superior,  composed  of  2  {fi,g,  778) 
or  3  carpels,  which  are  more  or  less  distinct ;  omdes  numerous  ; 
sbyUs  2  or  3,  united  at  the  base.  Fmit  fleshy  or  membranous. 
Seeds  ascending,  with  a  bony  testa  ;  albumen  little  or  none. 

Distrthutionj  ExampleSy  and  Numbers. — They  are  scattered 
irregularly  over  the  globe.  Examples  of  the  Genera : — Euscaphis, 
Staphylea.     There  are  about  14  species. 

Properties  and  Uses. — T)ie  bark  of  some  species  is  bitter  and 
astringent,  as  that  of  Euscaphis  staphyleoides.  Others  have  oily 
and  somewhat  purgative  seeds,  as  Staphylea  pinnata^  &c. 

Natural  Order  74.  Vochysiacb^. — The  Vochysia  Order.— 
Character. — Trees  or  shrubs,  with  entire  usually  opposite 
leaves,  which  are  furnished  at  the  base  with  glands  or  stipules. 
Flowers  very  irregular  and  unsymmetrical.  Sepals  4 — 5,  united 
at  the  base,  very  unequal,  the  upper  one  spurred,  imbricate 
in  aestivation.  Petals,  1,  2,  3,  or  5,  unequal,  inserted  upon 
the  calyx,  imbricate  in  aestivation.  Stamens  1  to  5,  usually  op- 
posite the  petals,  or  rarely  alternate,  arising  from  the  bottom  of 
the  calyx,  moat  of  them  sterile.  Ovary  superior  or  partially 
inferior,  3-celled,  or  rarely  1 -celled  ;  placentas  axile  ;  style  and 
stigma  1.  FruU  usually  capsular,  3-comered,  3-celled,  with 
loculicidal  dehiscence  ;  or  rarely  indehiscent  and  1-celled.  Seeds 
usually  winged,  without  albumen,  erect. 

This  order  is  generally  placed  near  Combretacex,  but  it  is 
readily  distinguished  from  it  by  its  superior  or  nearly  superior 
ovary.  Lindley  considers  it  most  nearly  allied  to  the  Violaeeet 
and  the  Polygalacea. 

Distribution,  Examples,  and  Numbers. — Natives  of  equinoctial 
America.  Examples  of  the  Genera: — Vochysia,  Salvertia.  There 
are  about  50  species. 

Properties  and  Uses. — Generally  unimportant,  although  some 
are  said  to  form  useful  timber. 

Natural  Order  75.  Rhamnace^. — The  Buckthorn  Order. — 
Character. — Shrubs  or  small  trees,  which  are  often  spiny. 
Leaves  simple,  alternate  or  rarely  opposite  ;  stipules  small  or 
wanting.  Flowers  small,  usually  perfect  (fig.  783)  or  sometimes 
unisexual.  Calyx  4 — 5-cleft,  with  a  valvate  aestivation  (fig. 
783).  Petals  equal  in  number  to  the  divisions  of  the  calyx  (fuf. 
783),  and  inserted  into  its  throat,  cucullate  or  convolute,  some- 
times wanting.  Stamens  equal  in  number  to  the  petals  (fig. 
783)  and  opposite  to  them  when  present,  and  alternate  to  the 
divisions  of  the  calyx.  Disk  fleshy.  Ofxiry  (fig.  783)  superior 
or  half  superior,  immersed  in  the  disk,  2,  3,  or  4-celled  ;  ovules 
solitary.  Friiit  dry  and  capsular,  or  fleshy  and  indehiacent. 
S^eds  one  in  each  cell,  erect,  usually  with  fleshy  albamen,  but 
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this  is  sometimes  wanting,  exarillate  ;  etnbryo  long,  with  a  short 
inferior  radicle,  and  large  flat  c<ityledons. 

Diagnosis. — Small  trees  or  shrubs,  with  simple  leaves  and 
small  regular  usually  perfect  flowers  ;  rarely  unisexual.  Calyx 
4 — 6-parted,  valvate.  Petals  and  stamens  distinct,  perigynous, 
and  equal  in  number  to  the  diirisions  of  the  calyx  ;  the  petals 
sometimes  wanting.  Ovary  more  or  less  superior,  surrounded 
by  a  fleshy  disk.  Fruit  2,  3,  or  4-celled,  with  one  erect  seed  in 
each  cell.     Seed  usually  albuminous,  without  an  aril. 

DistrihUionf  Examples,  and  Nurnhers. — Generally  distributed 
over  the  globe  except  m  the  very  coldest  regions.  Exam^pUs  of 
the  Oeiiera ;— Zizyphus,  Rhamnus,  Ceanothus.  There  are  about 
260  species. 

Properties  and  Uses, — Some  of  the  plants  have  acrid  and  pur- 
gative properties  ;  others  are  bitter,  febrifugal,  and  tonic.  A 
few  are  used  in  the  preparation  of  dyeing  materials,  and  some 
few  others  have  edible  fruits. 

CeanothuB  americanus. — The  younf^  shoot'^  are  astringfent ;  and  in  New 
Jemey  the  leaven  are  dried  and  iif(e<i  h»  a  substitute  for  China  tea ;  hence 
they  are  commonly  known  as  New  Jersey  Tea. 

DtMcttria  febri/wga. — The  root  is  used  in  Brazil  as  a  febrifufi^  and  tonic. 

GoMauia  domingenMis  is  reputed  to  po»*sesri  stomachic  properties. 

Hnvenia  du/cis. — 'I'he  peduncles  of  this  plant  become  ultimately  enlarged 
and  succulent,  and  are  much  esteemed  in  China,  where  they  are  eaten  as  a 
kind  of  fruit. 

Rhamnus. — This  genus  is  by  far  the  most  important  in  the  order.  Thu.«, 
B.  catharHcuM^  commonly  called  Buckthorn,  produces  a  fruit  the  fresh  juice 
of  which  is  official  in  the  British  Ph<irmaco|KBia,  and  has  been  used  fur  ages 
as  a  hydragogue  cathartic ;  but  it  is  rarely  employed  at  the  present  day,  on 
account  of  its  violent  and  unpleasant  o|)eration.  The  pigment  known  as 
sap^rtrn^  the  vert  de  veuie  of  the  French,  is  prepared  by  evaporatini^  to 
dryneas  the  fresh  juice  of  Buckthorn  berries  previously  mixed  with  lime. 
TSe  bark  of  B.  Franaula,  the  Black  Alder,  has  long  been  employed  in 
Germany,  Holland,  and  some  other  partn  of  Europe,  as  a  purgative,  and  it 
has  lately  come  into  use  in  this  country.  The  bark  of  tlie  young  trunks 
and  larger  branches  is  regarded  as  the  most  active,  and  more  especially 
so  after  having  been  kept  for  a  year  or  more.  A  greenish  or  vellowisH- 
green  dve  is  made  from  the  leaves.  The  wood  under  the  name  of '  bogwood  ' 
is  largely  used  in  the  manufacture  of  the  liner  kinds  of  gunpowder.  The 
bark  of  R.  purshiana  has  also  Im^u  much  employed  of  late  years  in  the 
United  States  of  America,  as  a  pur;;ative.  It  is  known  under  the  name 
of  Cascara  sagrada^  and  i«  obtained  from  California.  The  unripe  fruits 
of  R.  infecinrivB  are  known  in  commerce  under  the  name  of  French  berries 
(Graines  d' Avignon  of  the  French)  ;  while  those  of  R.  amygdaiinms  con- 
stitute the  berries  called  yellow  herriet  or  Persian  berries.  Some  authors 
say  that  both  the  French  and  Persian  berries  are  the  produce  of  one 
ftf-ecies,  the  R.  infecioriug^  and  that  the  only  difference  between  them  is 
in  size — those  called  French  or  Avignon  berries  being  smaller,  and  not  cf 
such  good  quality  as  the  Persian  berrien,  which  are  obtained  from  Asiatic 
Turkey  and  Persia.  These  berries  (iroduce  a  beautiful  yellow  colour,  which 
is  nsed  for  dyeing  morocco  leather,  and  bv  calico  printers. — R.  saxatilis 
produces  a  fruit,  which  may  be  also  employed  for  dveing  yellow,  in 
Abyssinia,  the  leaves  of  R.  jxiuciflorus,  ami  the  fruit  of  ii.  Staddo,  both  of 
which  possess  bitter  properties,  are  employed  as  a  substitute  for  hops  in  the 
preparation  of  beer.    From  R.  alnternui  a  blue  dye  may  be  prepared.    The 
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Sagrrttia  ittetaia  is  knitivpnf  China,  where  ililwvei  ire  UMd  u  &nib- 
■Utute  fbr  ten  by  the  poorer  InhBbltHntf. 

»iKi7ii^  Maikraip-lana.  Papli'—Tbe  birk  of  the  rant  »  und  is 
India  in  the  pmdaetion  of  orui([e  and  other  Ayes. 

Zityplaa. — Maav  specie*  of  this  ueoue  hVve  edible  frniU.  Thai.  Ih( 
Z.  vulgarity  Z.Jufntia.  anil  otheri,  yield  the  ftuiialinown  ander  the  name  of 
Jajuhes.  Jujube  la  a  fmourile  desstrt  frnlt  In  Japan  ;  and  another  Japane« 
(perie^  Z.  ainnuii,  vleldn  the  fruits  known  an  Japonlcas,  which  are  oa»- 
Hnnally  to  he  met  with  In  Covent  Garden  Market— Z.  £olw  h»  alao  in 
edihleirmit,' which  is  eateemed  by  the  Arabs,  ftc  'lliia  isneneraUy  Wiered 
ro  be  the  Lotus  of  the  ancients,  and  froin  which  the  Lotopha^  rectlTed 
their  name.  Bv  same,  however,  the  Lotus  of  the  anrienta  is  supposed  U>  be 
the  A'llrai-io  Iridmlala.  (See  Xararia.)  The  berriea  or  aee^  of  aomt 
speciea  of  ZiijipAu  are  reKanled  u  sedative,  vbile  Choae  al  Z.  Baeiti  an 
reputed  to  be  poiaonouit.  Some  believe  that  the  crowi 
placed  on  our  Saviour^a  bend  waa  made  from  Z.  tpiiu 

Natural  Order  76.     Anacaemace.*.  — The  Cashew-Nut  or 
Sumach  Order. — Character. — Trees  or  Artihi,  with  alternate, 
•imple  UT  cumpuuiid,  dotleai,  ezstipulate  leaTiM.      Fhvxn  re- 
gular,  ainftll,    and   frequently    oni- 
*'"■  *'3'>-  seiual.     Calyx  persistent  (jig.  980), 

with  usually  G,  or  sometimes  3,  i, 
^  "  ~"  or  7  lobes.     Petals  equal  in  number 

to  the  divisions  of  the  CBl}rx,  peri- 
gyiious,  imbricate ;  ■ometimes  ab- 
sent. Stametu  alternate  with  the 
petals,  and  of  the  aame  number,  or 
twice  as  many,  or  even  more  nume- 
rous ;  perigynous,  and  united  at  the 
base  if  there  is  no  disk,  but  if  this 
is  present  then  distinct  and  inserted 
upon  it.     Pink  bypogynous  or  want- 

,„_,,_„ ,-„,..-...!   'ig'     Oporj  usually  single,  I-ceUed, 

n»"bratKi'iB.riiiB'tm(t!an>i"ihe  Kenarally  superior,  or  very  rarely 
oth™coT*roiwithb»Jr-llke«p.  interior;  stvia  1,  3,  4,  or  none; 
pendagBB and  sterile.  _,.  '  ,    ■  i.  """•' i 

mgnua  the  same  number  aa  the 
styles:  ovules  solitary,  attached  to  a  long  funiculus  which  arisss 
from  the  base  of  the  cell.  Fruit  (fiij.  930)  indeliiscent,  dru- 
paceous or  nut-like.     Seed  without  albumen. 

DislriintiUrn,  Examples,  and  Numbers. — The  plants  of  this 
order  are  chiefly  found  in  the  tropical  regions  of  the  globe, 
although  a  few  are  found  in  the  South  of  Europe  and  in  other 
extra-tropical  warm  districta.  ExampUs  of  the  Genera.'— Piatacia, 
Mangtfera,  Anacardium.     There  are  about  110  species. 

i'rof'ertiea  aiuf  FJsm.  ^Tliey  abound  in  a  reeinoun,  somewhat 
gummy,  acrid,  or  milky  juice,  which  is  occasion!^  very  poieoii- 
ous,  and  sometimes  becomes  black  in  drying.  Tne  biuta  Hid 
seeds  of  some  species  are,  however,  held  in  high  estimation,  and 
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are  largely  eaten  in  different  parts  of  the  world.    Many  plants  of 
this  order  furnish  Tarnishes. 

Anarcarditan  occideniale,  the  Cashew-nut,  ih  remarkahle  for  itjieDlar;red 
flefhr  peduncle,  which  is  eaten  as  a  fruit;  and  its  juice,  when  fermented, 
produces  a  kind  of  wine  in  the  VVeflt  Indies  ;  and  in  Bombay  and  other  places 
a  spirit  is  also  distilled  from  it.  Each  peduncle  bears  a  small  kidney-sliaped 
nut-like  fruit,  the  pericarp  of  which  is  very  acrid,  but  the  seetl  is  edible.  By 
roasting  the  fruit  the  acridity  is  destroyed,  and  the  seed  then  possesses  a 
fine  flavour.  The  acrid  principle,  which  is  of  an  oily  nature,  possesses  power- 
ful rubefacient  and  vesicant  properties.  The  Cashew-tree  also  yields  a  large 
supplv  of  a  kind  of  gum,  which  is  however  but  little  used. 

iftUipama  hmgifolia. — The  fruits  of  this  species  and  those  of  Semecarpm 
AnacardinitL,  furuish  the  black  varnish  of  Sylhet,  which  is  much  used  in 
India.     (See  Semecttrpui^ 

Mangifera  indica. — Tiie  fruit  of  this  plant  is  the  Mango,  whi-  h  is  so 
highly  esteemed  in  tropical  countries.  Several  varieties  are  cultivated, 
which  differ  very  much  in  the  size  and  flavour  of  their  Aruits.  The  kernel 
of  the  seed  is  employed  in  Brazil  and  in  India  as  an  anthelmintic. 

Melannrrhcea  usitatisuma  furnishes  the  Black  Varnish  of  the  Burmese. 
It  is  eniploved  in  the  arts,  and  also  as  an  anthelmintic. 

OeUna  tFodier  has  an  astringent  bark,  which  has  been  ufed  in  India. 
It  also  y  if  Ids  an  astringent  gum. 

Piaiacia. — P.  Lentincut  is  the  source  of  the  official  concrete  resin  called 
mastic  or  mastich.  It  is  obtaine<l  from  the  stem  by  incision.  Mastich,  when 
dissolved  in  spirit  of  wine  or  oil  of  turpentine,  forms  a  good  varnish,  which 
was  formerly  much  employed  in  this  country,  but  of  late  years  the  place  of 
ma.stich  for  this  purpose  ha.s  been  supplied  in  a  great  degree  by  Dammar 
and  other  less  expensive  resins.  It  is  used  in  the  East  as  a  masticatory; 
and  al.-o  to  some  extent  for  fumigation,  and  in  the  manufacture  of 
confections  and  cordials.  It  is  also  employed  in  this  country  by  dentists 
as  a  temporary  stopping  for  teeth,  Avhen  dissolved  in  alcohol  or  ether, 
for  the  relief  of  toothache.  It  possesses  stimulant  and  diuretic  properties, 
but  is  rarely  employed  in  metiicine.  It  is  exclusively  collected  in  the 
is  and  of  Scio,  and  from  male  plants  only,  where  this  plant  is  much 
cultivated. — P.  Terttbinthus  is  the  source  of  the  liquid  oleo-resin  called  Chian 
Turpentine.  It  is  obtained  from  the  stem  by  incision,  in  the  same  way  as 
mastich.  Chian  Turpentine  becomes  solid  by  keeping  from  the  loss  of  its 
volatile  oil  It  has  the  general  properties  of  the  ordinary  Turpentines, 
derived  from  some  of  the  Conifenc,  and  was  formerly  *  employed  for 
nimilar  purpos'M* ;  but  its  use  in  medicine  had  become'  nearly  ob^tolete 
until  it  was  recommended  recently  as  being  almost  a  specific  in  the 
treatment  of  uterino  cancer,  for  which  purpose  it  has  been  extensively 
employed,  but  without  anj-  evident  success.  It  is  used  in  Greece  and 
the  Levant  in  the  manufacture  of  cordials.  Chian  Turpentine,  as  its  name 
indicate*,  is  obtained  from  the  island  of  Scio. — Piaiacia  vera  produces  the 
fruit  known  as  Pistachio  or  Pistacia-nut,  the  kernels  of  which  are  of  a 
green  colour,  and  have  an  agreeable  flavour.  They  are  highly  esteemed  by 
the  Turks  and  Greeks,  and  aie  occasionally  imported  into  'this  country. 
They  are  either  eaten  raw,  or  after  having  been  fried,  with  pepper  and  .saft. 
— P.  Khinjuk  and  P.  cabulica  yield  concrete  resins  resembling  mastich. 
This  kind  of  mastich  is  impi>rted  into  India  fh)m  Cabul ;  and  rarely 
into  Eur»»pe  under  the  name  of  Bombay  or  East  Indian  Mastich.  Curiously 
shaped  galls  of  a  slightly  astringent  terebinth inate  taste  are  also  obtained 
from  P.  Khinjuk,  which'  enter  into  the  native  Materia  Medica  of  India 
under  the  name  of  G&i-i-pista  — P.  atlantica  also  yields  a  concrete  resin, 
which  ia  used  in  place  of  mastich  by  the  Arab  tribes  of  Northern  Africa. 

Rhna,    The  Sumach. — Several  species  of  this  genus  have  more  or  less 
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poisonouA  properties.  They  have  generally  a  milky  juice,  which  beooinet 
black  on  expof'iire  to  the  air  ;  and  the  emanations  from  some  of  them  ex- 
cite violent  erv^sipelatoufl  inflammation  upon  certain  individuals  when 
brought  within*  their  influence. — R.  Toxieodendnm  is  the  Poison-oak  of 
North  America.  The  leaves  contain  a  peculiar  acrid  principle,  to  which  tAcir 
medicinal  properties  appear  to  be  due.  They  have  been  thought  to  be  use- 
ful in  old  paralytic  cases  and  in  chronic  rhenmati.«^m. — R.  venenata  is  the 
Poison-ash  or  Poison-elder,  and,  like  the  two  former,  has  very  poisonous 
properties.  The  above  plants,  in  a  fresh  state,  ought  to  be  very  carefully 
handled,  as  their  juices  frequently  cause  violent  erysipelatous  inflammation. 
The  bark  of  77.  Coriaria  is  a  powerful  astringent/  and  is  used  in  tanning ; 
other  species  have  similar  properties*.  The  fruit  is  acidulous,  and  is  eaten 
by  the  Turks.  The  leaves,  when  dried  and  powdered,  constitute  the  material 
called  Shumac  or  Sumach^  which  has  been  employed  in  tanning  and  dveing 
for  ages.  The  wood  of  R.  Cotinus  is  known  in  commerce  as  Ynmng  Ftutie 
or  Zante  Fustic.  It  is  used  for  dyeing,  and  produces  a  rich  yellow  colour. 
This  must  not  be  confounded  with  Old  Fustic^  which  is  derived  from  an 
entirely  different  plant  (see  Madura  tinctoria). — R.  Metopium,  a  native  of 
Jamaica,  furnishes  the  Hog-gum  of  that  island  ;  this  is  said  to  have  astrin- 
gent, diuretic,  and  purgative  properties  when  given  internally,  and  to  act 
as  a  vulnerary  when  applied  to  wounds,  &c.  From  the  fruits  of  R,  gmece- 
danea,  and  probably  other  species,  Japanese  Wajc  ia  obtained,  which  is  now 
largelv  used  in  this  country  for  candles,  &c.  On  the  branches  of  this  plant 
in  India,  peculiar  horn-like  galls  are  found,  which  posse&s  astringent  pro- 
perties. 

Semecarpu*  Anacardium  is  the  source  of  the  Marking  nut,  Thetie fruits 
are  used  extensively  in  the  preparation  cf  a  black  varnish.  The  seeds  are 
edible,  like  thoso  of  the  Ca.slicw.  These  nuts  and  the  fruit  of  Holigama 
longifofia  (as  before  noticed),  furnish  the  black  varnish  of  Sylhet,  which  is 
used  in  the  East  Indies  for  vnrnishing  lacquer-work  and  for  marking  linen, 
hence  their  common  name.  The  black  thick  juice  of  this  plant  has  power- 
fully caustic  properties,  and  in  in  use  by  the  natives  of  the  East  Indies  as  a 
vesicant.  Its  employment,  however,  has  frequently  led  to  serious  conse- 
quences, and  should  hf  condemned  as  dangerous. 

Spondiag. —  N.  purpurea,  S.  Momhin,  and  other  specie,  have  edible  fruits, 
called  Hog-plums  'n  Brazil  and  the  West  Indies.  The  fruit  of  ^.  cytherea 
or  5.  dulclg,  a  native  of  the  Society  Islands,  is  said  to  rival  the  Pineapple  in 
flavour  and  fragrance. 

Stagmaria  vemiciftua  (Rhus  vemiciferd)  is  the  source  of  a  valuable  hard 
Mack  varnish,  known  in  the  Indian  Archipelago  under  the  name  oi  Japan 
Lacquer. 

Natural  Order  77.  Sabiace.^. — The  Sabia  Order. — Diagno- 
sis.— This  is  a  small  order  of  plants,  containing  but  2  genera,  and 
9  species,  which  were  formerly  placed  as  doubtful  genera  of  the 
Anacardiacere  ;  but  the  SabiacesR  differ  essentially  from  the  Ana- 
cardiaceXf  in  their  stamens  being  opposite  to  the  petals ;  in  their 
distinct  carpels  ;  and  in  their  solitary  ovules  being  attached  to 
the  ventral  suture.  Miers  and  Bliune  regard  the  Sabiacese  as 
related  to  Menispermacese  and  Lardizabalaceae. 

Distribution^  Properties,  and  Uses. — Natives  of  the  East 
Indies.     Their  properties  are  altogether  unknoTSTi. 

Natural  Order  78.  Connarace.i«:.  —The  Conuarus  Order. — 
Character. — Trees  or  stirubs.  Leaves  alternate,  without  dots, 
compound ,  and  generally  exstipulate.  Flowers  usually  perfect,  or 
rarely  unisexual.  Calyx  5-partite,  inferior,  imbricate  or  valvAte  in 
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lestiyation.  Petals  5,  inserted  on  the  calyx,  imbricate  or  yalvate. 
StametiA  10,  usually  monadelphous,  nearly  or  quite  hypog3mou8. 
Carpels  1  or  moire  ;  omUes  2,  sessile,  collateral,  ascending,  ortho- 
tropous.  Fruit  follicular.  Seeds  with  or  without  albumen,  ariUate 
or  exarillate  ;  radicle  superior,  at  the  extremity  most  remote 
from  the  hilum. 

Distrtbutioiiy  Examples^  and  Numbers. — Natives  of  the  tropics 
and  most  common  in  tropical  America.  Examples  of  the  Ge^iera : 
— Connarus,  Omphalobium.     There  are  about  42  species. 

Properties  and  Uses. — Some  have  oily  seeds  ;  others,  as  certain 
species  of  Omphalobium ^  have  edible  arils.  The  zebra- wood  of 
the  cabinet  makers  is  said  by  Schomburgk  to  be  furnished  by 
fhnphalobium  Lambertii,  a  very  large  Guiana  tree.  (See  Gtut- 
tarda,) 

Natural  Order  70.  Amyridace^  ob  BuR8ERACEi«. — The 
Myrrh  and  Fi-ankiiicense  Order.  — C  haracter. — Trees  or  shnibs, 
abounding  in  a  fragrant  gum-resinous  or  resinous  juice. 
Leaves  compound,  frequently  dotted.  Flowers  perfect,  or  rarely 
unisexual.  Calyx  persistent,  with  2 — 6  divisions.  Petals  3 — 5, 
arising  from  the  calyx  below  the  disk;  sRstivationYfdyate,  or  occa- 
sionally imbricate.  Stamens  twice  as  many  as  the  petals,  perigy- 
nous.  Disk  perigynous.  Chary  1 — 5-celled,  superior,  sessile, 
placed  in  or  upon  the  disk ;  ooulis  in  pairs,  attached  to  a  placenta 
at  the  apex  of  the  cell,  anatropous.  Fruit  dry,  1 — 5-celled  ; 
epicarp  often  splitting  in  a  valvular  manner.  Seeds  exalbuminous ; 
radicle  superior,  turned  towards  the  hilum. 

Distribution,  Examples,  and  Numbers. — They  have  been  only 
found  in  the  tropical  regions  of  America,  Africa,  and  India. 
Examples  of  the  Genera : — Boswellia,  Balsamodeudron,  Amyris. 
There  are  about  60  species. 

Properties  and  Uses.  — The  plants  of  the  order  appear  to  be 
ahnost  universally  characterised  by  an  abundance  of  fragrant 
resinous  or  gum-resinous  juice.  Some  are  considered  poisonous; 
others  bitter,  purgative,  or  anthelmintic  ;  and  a  few  furnish 
useful  timber. 

Amyris. — A.  hexandra  avai  A.  Plnmieri  have  b*»€n  stAted  to  yield  a4)or- 
tiun  of  th«  Klemi  of  commerce,  but  there  is  nn  proof  whatever  of  such  being 
the  case. —  A.  elemifera,  of  Rovle,  yields  Mexican  or  Vera  Cruz  Elemi. — A. 
baltamifera  is  said  to  furnish  one  kind  of  Lignum  Rhodium,  but  on  no 
Ruflicient  authority. — A,  toxifera,  as  its  name  impliesy  is  regarded  as 
poisonous. 

BcUanite*  mgyptiaca  has  slightly  acid  leaves,  which  are  reputed  to  be 
anthelmintic,  while  the  unripe  fruits  ai*e  acrid,  bitter,  and  pufKative  ;  they  are 
eaten,  however,  when  ripe.  The  seeds  of  tliis  plant  also  yield  by  expression 
a  fixed  oil  of  a  fatty  nature,  called  zachun  in  Kgypr,  where  the  plant  is 
cultivated. 

BaUamodendron  or  Baimmodendrum. — B.  Myrrha  is  generally  regarded 
as  supplving  the  gum-resin  known  in  commerce  under  the  name  of  Myrrh. 
It  is  cidied  in  Hebrew  mor  or  mur,  and  is  mentioned  in  the  Old  Testament 
for  the  first  time  in  Gen.  xxxvii.  25  ;  hence  it  must  have  been  in  use  for 
more  than  3500  years.    The  plant  or  plants  yielding  Myrrh,  for  it  is  not  yet 
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altogether  certain  from  whence  it  is  derived,  are  natives  of  Somali-land  and 
the  adjoining  parts  of  Arabia.  But  from  recent  investigations  it  would 
appear  that  the  official  or  African  M3'rrh  is  the  produce  of  S.  Myrrha  ;  that 
kind  known  as  Arabian  Myrrh  being  also  derived  from  the  same  or  a  nearlv 
allied  species ;  and  that  of  *£ast  Indian  Myrrh  or  Bissa  Bdl  from  probably  d, 
Kntuf,  Kunth.  Other  species  yield  similar  products.  The  botanical  source 
of  the  Stacte  or  Liquid  Myrrh  of  the  ancients,  and  which  entered  into  the  com- 
position of  the  holy  incense  in  use  by  the  Jews,  is  entirely  unknown,  for  no 
drug  of  modem  times  has  been  identified  with  it.  Medicinally,  myrrh  is 
regarded  as  tonic,  stimulant,  expectorant,  and  antispasmodic,  when  taken  in- 
ternally ;  and  as  an  external  application  it  is  astringent  and  stimulant.  The 
substance  called  Balm  of  GUead  or  Balm  of  Mecca,  and  which  is  supposed  to 
be  the  Balm  of  the  Old  Testament,  is  procured  from  B.  Opobalsamum.  The 
gum-resin  known  as  IncUan  Bdellium  or  falie  myrrh  (the  Bdellium  of  Scrip- 
ture), is  derived  from  B.  Mukid  and  B.pubescen».  This  Bdellium  is  uie 
Googul  of  the  Indian  materia  medica,  and  the  Mokul  of  the  Persians.  It  is 
verv  similar  to  myrrh.  The  resinous  substance  known  as  opaque  BdelUmm 
is  derived  from  B,  Playfairii^  a  native  of  Somali-land.  African  Bdellium  is 
derived  from  B.  africanum.  The  inner  bark  of  B.  pubeacena  peels  off  in 
thin  white  layers  like  that  of  Bogwellia  papyrifera.     (See  below. ) 

Boiwellia. — The  gum-resin  known  under  the  name  of  Olibanum  is 
derived  from  species  of  this  genus.  The  name  Olibanum  appears  to  be 
derived  from  the  Greek  Ai^ai/o«.  It  is  the  Ltbomih  of  the  Hebrews,  the 
Incenae  or  Frankincenae  of  the  Bible,  and  the  Lubdn  of  the  Arabs.  Oliba- 
num or  Frankincense  is  now  principally  obtained  from  Arabia  and  the 
Somali  country  in  Africa.  Three  species  of  Boawellia^  natives  of  the  Somali 
country,  have  been  described  by  Dr.  Birdwood,  who  has  named  them,  B. 
Carterii^  B.  Bhau-Dajiana^  and  B.  Frereana.  The  former  is  the  true 
Frankincense  or  Lubaii-tree  ;  but  a  similar  product  is  obtained  from  JB. 
Bhnu-Dajiana,  which  is  probably  only  a  variety  of  B.  Oarterii. — B.  Fre- 
reana is  the  Yegaar-tree  of  the  Somalis,  and  affords  Luban  Maitee,  a  very 
fragrant  resin,  which  is  chiefly  employed  in  the  East  as  a  masticatory.  The 
two  first  species  are  the  principal  botanical  sources  of  the  Arabian  or  African 
Olibanum  of  commerce.  The  kind  known  as  East  Indian  Olibanum  is 
derived  from  B.  thurifera  (gerrata).  It  is  the  Salai-tree  of  India,  where  its 
resin  is  much  used  for  incense.  Olibanum  is  chiefly  used  for  fumigation, 
and  in  the  preparation  of  incense.  It  is  also  regarded  as  a  remedial  agont 
in  bronchitis  and  in  chronic  pulmonary  affections. — B.  papyrifera,  a  native 
of  Abyssinia,  also  yields  a  fragrant  gum -resin.  This  tree  is  likewise  remark- 
able on  account  of  its  inner  bark,  which  peels  off  in  thin  white  layers,  which 
may  be  used  as  paper. 

Buraera  gummtfera  and  B.  acuminata  yield  fragrant  resinous  substances, 
— that  from  the  former  is  termed  Chibou  or  Cachibou  resin  ;  that  from  the 
latter.  Resin  of  Carana. 

Canarium. — C.  commune  is  the  plant  referred  to  in  the  British  Pharma- 
copoeia as  the  source  of  Manila  Elemi,  which  is  the  only  kind  now  found  in 
commerce.  Other  authorities,  however,  refer  its  source  to  C.  album  and 
Idea  Abilo  (see  Idea).  But  at  present  we  have  no  reliable  data  as  to  its 
botanical  source.  Elemi  is  used  as  an  external  stimulant  applicatt(m  to 
indolent  ulcers,  &c.  The  kernels  of  C.  commune,  known  as  Java  Almonds, 
also  yield  by  expression  a  bland  oil,  which  resembles  almond  oil  in  its  pro« 

?erties. — Cbalatmiferum  of  Ceylon,  and  C.  alburn^  a  native  of  the  Philippine 
slands,  also  yield  fragrant  resinous  substances  resembling  Elemi. — C 
edule  yields  African  Elemi. — C.  airictum  is  the  principal,  if  not  the  ooly. 
source  of  the  Black  Dammar  of  Southern  India.  It  is  said  to  be  a  good 
substituto  for  Burgundy  Pitoh.  This  resin  is  also  sometimes  stated  to  be 
obtained  from  Vatica  TumbugaiOj  a  tree  of  the  order  Dipteraoee  (see 
VaHca). 

JCl/q^rium, — E,  tomentoaum  produces  one  of   the  resinous  snbttittoes 
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called  Tacamahac. — E.  graveolenM,  a  native  of  Mexico^  is  repated  to  be  the 
source  of  a  wood  sometimes  imported  under  the  name  of  Mexican  Lifoi-Aloe 
Wood,  and  also  of  a  volatile  oil  obtained  from  it.  This  mutt  not  be  con- 
founded with  the  true  Lign- Aloes  of  the  Bible  (see  Aleoxylon). 

Idea. — /.  Icicariba  and  other  species  of  Icica,  yield  Brazilian  Elemi. — /. 
Abihf  Blanco.  FlUckiger  and  Hanbury  ref^ard  this  plant  as  the  source  of 
Manila  Elemi  (see  C€tnarium),  Other  species  produce  somewhat  analof(ons 
fra/yrrant  resins,  as  /.  CVzrana,  the  source  of  American  Balm  of  Gilead,  /. 
heUntphyUa^  the  plant  yieldinj^  Balsam  of  Acouchi,  /.  htpiaphylbi^  8cc. — /• 
aitUsima  furnishes  the  Cedar-wood  of  Guiana,  of  which  there  are  several 
varietie;).    It  is  chiefly  used  for  making  canoes. 

Natural  Order  80.  Leouminos^  or  Fabjlcem. — The  Lego- 
minous  Order.  — C haracter.  — Herbs y  shrubs,  or  trees.  Leaves 
alternate,  stipulate,  usually  compound  (Jigs.  270,  372,  and  375). 
Calyx  {figs.  931,  «,  and  932,  c)  monosepalous,  inferior,  more  or 


Fig.  932. 


Fio.  dSd. 


Fig.  934. 

Fig.  931.  Diagram  of  the  flower  of  the  Garden  Pea  (Pisum  sativum),  t. 
Sepals.  j>«.  Snperior  petal,  pi, /)f.  Inferior  petals.  p/,/><.  Lateral  petals. 
et.  Stamens,  e.  Carpel. Fig.  932.  The  flower  of  the  same.  et.  Stan- 
dard or  TexUlmn.    at.  Wings  or  alee.    car.  Carina  or  keel  enclosing  the 

essential  organs,    c.  Calyx. Fig.  933.  The  essential  organs  of  the  lame 

sarroonded  by  the  calyx  c.     es.  Bandle  of  nine  stamens,     el.  Solitary 

stamen,    st.  Style  and  stigma. Fig.  934.  The  fruit  of  the  same^  ^"ith 

one  valve  removed. 


less  deeply  divided  into  5  parts,  the  odd  division  being  anterior. 
Petals  usually  5  {fi^f.  931),  or  sometimes  by  abortion  4, 3, 2,  1,  or 
rarely  none,  inserted  into  the  base  of  the  calyx,  equal  or  unequal, 
often  papilionaceous  {fig.  932),  the  odd  petal,  if  any,  posterior 
(fi^.  931,  ps).  Stamens  definite  {fi^s.  931  and  933)  or  indefi- 
nite, usually  perigynous,  or  rarely  hypogynous,  distinct  or  united 
into  1,  2  {fi^s.  547  and  933),  or  rarely  3  bundles ;  amihers  versatile. 
Ovary  superior,  usually  formed  of  1  carpel  {figs.  698  and  931), 
although  rarely  of  2  or  5  ;  1-celled  with  1,  2,  or  many  ovules  ; 
style  and  stigma  simple  {fi>gs.  598  and  933).  Fruit  usually  a 
legume  {figs.  663  and  684—686),  or  sometimes  a  lomeutum  {figs, 
681  and  687),  or  rarely  a  drupe.  Seeds  1  or  more,  sometimes 
arillate,  attached  to  the  upper  or  ventral  suture  {fig,  934); 


618  LEOITMIKOSJB  OR  FABACBiE. 

albumen  absent  or  present ;  embryo  (fig.  14)  straight  or  with 
the  radicle  folded  upon  the  cotyledons ;  cotyledotu  leidy  or  fleshy, 
and  either  hypoceal  or  epigeal. 

Diagnosis. — Herbs,  shrubs,  or  trees.  Leaves  nearly  always 
alternate  and  stipulate,  and  usually  compound.  Flowers  regular 
or  irregular.  Calyx  inferior,  5-parted ;  odd  division  anterior. 
Petals  5,  and  then  often  forming  a  papilionaceous  corolla ;  or 
fewer  by  abortion,  or  none,  perigynous  ;  odd  one,  when  present, 
posterior.  Stamens  distinct,  or  united  into  one  or  more  bundles. 
Ovary  superior,  simple,  1-celled  ;  style  simple,  proceeding  from 
the  ventral  suture.  Fruit  usually  a  legume,  or  sometimes  a 
lomentum,  and  rarely  a  drupe.  Seeds  1  or  more,  with  or  without 
albumen.  This  order  may  be  iistuUly  distinguished  by  having 
papilionaceous  carollas  or  leg%imin4)us  fruit, 

Divisum  of  the  Order  and  Examples  of  the  Genera : — The  order 
has  been  divided  into  three  sub-orders  as  follows  : — 

Sub-order  1.  PAPiLiONACEiE. — Petals  arranged  so  as  to  form 
a  papilionaceous  corolla,  imbricate  in  eestivation,  and  the  upper 
or  odd  petal  exterior.  Examples  of  the  Genera : — Ulex,  Trifo- 
lium.  Astragalus,  Vicia,  Ornithopus,  Onobrychis. 

Sub-order  2.  CjESAhFimKm. — Petals  not  arranged  in  a  papi- 
lionaceous manner,  imbricate  in  eestivation,  and  the  upper  or 
odd  petal  inside  the  lateral  petals.  Examples  of  the  Genera: — 
Caasalpinia,  Cassia,  Tamarindus. 

Sub-order  3.  Mimose^e. — Petals  equal,  valvate  in  aestivation. 
Examples  of  the  Genera : — Mimosa,  Acacia. 

Distribution  and  Numbers.  — This  is  a  very  extensive  order,  and 
has  some  representatives  in  almost  every  part  of  the  world.  A 
considerable  number  of  the  genera  are,  however,  confined  within 
certain  geographical  limits,  while  others  have  a  very  wide  range. 
As  a  general  rule  the  Papilioit/iceas  are  universally  distributed, 
although  most  abundant  in  warm  regions  ;  while  the  Caisalpiniex 
and  Mimosex  are  most  common  in  tropical  regions,  but  many  of 
the  latter  are  also  to  be  found  in  Australia.  There  are  above 
7,000  species  in  this  order. 

Froperties  and  Uses. — The  properties  and  uses  of  the  plants 
of  this  order  are  exceedingly  variable.  Lindley  remarks,  that 
'  the  Leguminous  Order  is  not  only  among  the  most  extcoisive 
that  are  known,  but  also  one  of  the  most  important  to  man, 
whether  we  consider  the  beauty  of  the  numerous  species,  which 
are  amongst  the  gayest-coloured  and  most  graceful  plants  of 
every  region  ;  or  their  applicability  to  a  thousand  useful  pur- 
poses. The  Cercis,  which  renders  the  gardens  of  Turkey  re- 
splendent with  its  myriads  of  purple  flowers ;  the  Acacia,  not 
less  valued  for  its  airy  foliage  and  elegant  blossoms,  than  for  its 
hard  and  durable  wood  ;  the  Braziletto,  Logwood,  and  Bose- 
woods  of  commerce  ;  the  Laburnum  ;  the  classical  OytiauB  ;  the 
Furze  and  the  Broom,  both  the  pride  of  the  otherwise  dreaiy 
heaths  of  Europe  ;  the  Bean,  the  Pea,  the  Vetch,  the  Clover,  thia 
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Trefoil,  the  Lucerne,  all  staple  articles  of  culture  by  the  farmer, 
are  so  many  Leguminous  species.  The  gums  Arabic  and 
Senegal,  Kino,  Senna,  Tragacanth,  and  various  other  drugs,  not 
to  mention  Indigo,  the  most  useful  of  all  dyes,  are  products  oi 
other  species  ;  and  these  may  be  taken  as  a  geneitil  indication 
of  the  purposes  to  which  Leguminous  plants  may  be  applied. 
There  is  this,  however,  to  be  borne  in  mind,  in  regarding  the 
qualities  of  the  order  from  a  general  point  of  view ;  viz.,  that  upon 
the  whole  it  must  be  considered  poisonous,  and  that  those 
species  which  are  used  for  food  by  man  or  animals  are  excep- 
tions to  the  general  rule  ;  the  deleterious  juices  of  the  order  not 
being  in  such  instances  sufficiently  concentrated  to  prove  in- 
jurious, and  being,  in  fact,  replaced  to  a  considerable  extent  by 
either  sugar  or  starch.'  In  alluding  to  the  properties  and  uses 
of  the  more  important  plants  of  this  order,  we  shall  take  them 
under  their  respective  sub-orders. 

Sub-order  1.  Papilionack.k. — In  this  sub-order  we  have  included  a 
number  of  plaiita  which  are  used  as  nutritious  food  by  man  or  other  animals, 
such  as  Peas  {Fisum)^  Broad-beans  {Fctba^  Kidney-beans,  Scarlet-runners 
and  Haricots  {Fhaiwlus)^  Lentils  (^Lent)^  Pigeon-peas  (CajunuB^  &c.). 
The  seeds  of  the  abuve  plants,  and  many  others,  are  commonly  icnown  under 
the  name  of  pulne,  and  do  not  need  any  detailed  description.  Lucerne  and 
Medick  (Medicago\  Melilot  {Mrliloiut)^  Clover  {Trifolium)^  Tares  and 
Vetches  (A'rvKiPi,  Ficta),  Saintfuin  (^OnobrychiM),  and  many  others  which 
are  common  foilder  plants  in  diflferent  parts  of  the  globe,  also  belon;;;  to  this 
sub-order,  and  do  not  require  any  furiher  notice.  Some  plants,  or  parts  of 
plants,  which  it  contains,  are,  however,  poisonous,  as  the  roots  of  the  Scarlet- 
runner  {Fhcueuius  muitiJIoruM),  tlie  roots  of  Fhatmiua  radiatu*^  the  seeds  of 
Lathynu  Aphaca,  the  seeds,  root,  and  bark  of  Laburnums  (^CytiauM  alpinuk 
and  C*.  Laburnum),  the  seeds  of  Anugyri*  fatida,  the  seeds  of  the  Calabar 
Bean  {Fhytostigma  venenoium),  and  it  ib  also  said  by  some,  the  seeds  of  Abrua 
pncatorius,  also  the  seeds  of  the  iiiiter  Vetch  (^hJroum  ErvUia),  the  juice  of 
GironiUa  varia,  the  leaves  of  some  Gomphoiobiums,  the  leaves  and  young 
branches  of  Tephroaia  toxicaria,  the  bark  of  the  root  of  Fiacidia  Eryihriruif 
and  the  parts  of  some  other  plants. 

Abrua  precatorius. — The  seeds  are  used  as  beads  for  making  rosaries, 
necklaces,  &c. — hence  their  common  name  of  prayer-beada.  They  are  also 
emplo3'ed  in  India  as  a  standard  of  weight  by  HindiH)  jewellers  and  dru:^- 
gists  under  the  name  of  Retti  or  Mali.  Each  seed  is  estimated  as  equal  to 
1A  grains.  They  are  of  a  scarlet  colour,  with  a  black  mark  on  one  side, 
and  are  reputed  to  be  poisonous.  The  roots  resemble  those  of  the  Liquorice 
plant,  and  form  an  excellent  substitute  for  them  ;  and  hence  the  names  of 
IVild  Liquorice  and  Indian  Liquorice,  by  which  this  plant  is  known.  This 
root  is  olhcial  in  the  Pharmacopoeia  of  India. 

j£achyHomene. — The  stems  of  jEachynotnene  aapera  furnish  the  Sola  or 
Shoia  of  India.  These  stems  are  remarkably  ligbt  and  spongy,  and  are 
therefore  used  for  making  floats  and  buoys  for  tishermen,  for  the  manufac- 
ture of  very  light  hats,  and  for  other  purposes  where  elasticity  and  lightness 
are  necessary.  A  fibre  called  Duchai  Hemp  is  obtained  froui  jEachynoment 
canncdnna. 

Aihagi  Maurorum^  CamePs  Thorn. — This  plant  and  other  species  related 
to  it  secrete  in  Persia  and  Afghanistan  a  kind  of  manna  This  substance 
is  obtained  by  simply  shaking  the  branches.  It  la  highly  esteemed  by  the 
Afghans  as  a  food  for  cattle.  In  some  parts  of  the  EMt  it  is  used  as  food 
fur  man,  and  as  a  laxative.    It  has  been  supposed  to  have  been  the  manna 
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upon  which  the  Israelites  were  fed  in  the  wilderness,  but  such  wa.  idea  is  un- 
doubtedly incorrecL    (See  Lecanora,) 

Andira. — The  bark  of  Andira  inermU^  known  as  Cabbage-bark  or  Worm- 
bark,  was  formerly  much  used  as  an  anthelmintic.  It  pos^es9es  cathartic^ 
emetic,  and  narcotic  properties.  In  large  doses  it  is  poisonous, — Andira 
anthelminiica  also  possesses  vermifuge  properties.  I1ie  powder  known  as 
ararobuy  and  which  has  been  largely  used  of  late  years  in  cutaneous  diseases 
under  the  name  of  Gna  Powdery  is  also  derived  from  a  species  of  Andira^ 
which  has  been  provisionally  named  A.  Araruba, — A.  retusa  yields  a  bark 
with  similar  properties  to  that  of  the  former  species  ;  it  is  known  under  the 
name  of  Surinam  Bark. 

Arachis  hypogam. — This  plant  is  remarkable  for  ripening  its  legumes 
under  the  surface  of  the  ground,  hence  it  is  commonly  known  as  the  Groumd 
JVut.  The  seeds  are  used  as  food  in  various  parts  of  the  world,  and  are  ooca- 
sionally  roasted  and  served  up  in  the  same  manner  as  Chestnuts,  as  an 
article'of  dessert  in  this  country.  In  the  United  States  the  roasted  seeds 
are  employed  as  a  substitute  for  coffee,  in  the  preparation  of  a  kind  of  cho- 
oolate,  and  for  other  purposes.  Tuson  has  recommended  ground-nut  cake  for 
the  feeding  of  cattle.  It  is  sometimes  used  for  adulterating  the  more  expensive 
feeding  cakes  in  this  country  and  elsewhere.  The  see^s  ^eld  by  expres^on 
a  jSxed  oil  which  is  official  In  the  Pharmacopoeia  of  India  ;  it  is  empIo>  ed 
very  extensively  in  India  for  cooking,  &c.,  where  it  is  called  Katehu^oiL 
The  oil  is  also  occasionally  imported,  or  it  is  obtained  here  by  expression 
firqm  the  seeds.  It  is  known  commonly  as  ground-nut  or  earth-nut  oil.  It  is 
a  very  liquid  oil,  and  is  accordingly  employed  for  watches  and  other  delicate 
machinery  ;  aIt«o  for  burning  and  other  purposes.  It  forms  a  good  and  cheap 
substitute  fur  olive  oil. 

Astragalus. — A.  gummifeTy  A.  adscendensy  and  several  other  species,  fur- 
nish the  Gum  Tragacanth  of  the  Materia  Medica,  or,  as  it  is  frequently 
termed  in  the  shops — gum  dragon.  Jt  is  used  by  manufacturers  for  stiffen- 
ing crape,  &c, ;  and  in  medicine  for  its  demulcent  and  emollient  properties, 
and  as  a  vehicle  for  the  exhibition  of  more  active  sut>r«tances.  Tragacanth 
exudes  naturally,  or  more  especially  from  wounds  made  in  the  stems  of  the 
above-mentioned  plants.  The  gum  which  is  imported  into  Bombay  from 
the  Persian  port  of  Buvhire  is  also  considered  by  Dymock  to  be  derived  from 
a  species  of  Astragalus.  The  seeds  of  A.  buticus  are  used  as  a  substitute 
for  C(»tiee  in  some  p  rts  of  Germany. 

Baptisia  tinctoria. — ^This  plant  is  the  Wild  Indigo  of  the  United  States. 
It  receives  its  common  name  from  yielding  a  blue  dye  resembling  indigo, 
although  it  is  of  far  inferior  quality  to  th»t  substance.  The  roots  and  other 
parts  are  reputed  to  be  emetic  and'purgative.  The  eclectic  remedy  known 
as  baplisin  is  obtained  from  this  plant. 

Bou)dichia  virgilioides. — ^The  bark  of  this  plant,  with  that  of  one  or  more 
species  of  Byrsonima  (Malpighiaceae),  is  said  to  form  the  American  Akor- 
r.oco  or  Alcurnoque  Bark  of  commerce.  (See  Byrsonima.)  It  is  used  by  the 
tanners. — B.  major y  Mart. — The  rcot-bark  of  this  plant,  which  is  a  native 
of  Brazil,  is  in  great  repute  in  rheumatism,  syphilis,  &c,  but  more  especially 
in  psoriasis  and  other  skin  diseases.  A  kind  of  gum  resembling  Sen^^ 
gum  in  appearance  also  exudes  from  the  stem,  and  is  useful  in  diarrhoBa. 

Buiea. — B.frondosayA  native  of  India,  yields  an  astringent  substance 
called  hutea  gum  or  Bengal  KinOy  which  resembles  the  official  Kino  in  its 
properties.  (See  Pterocarpus.)  It  is  official  in  the  Indian  Pharmaoopoeia; 
it  is  used  in  diarrhoea  and  similar  diseases,  and  also  for  tanning,  &c. — B, 
superba  and  B.  parviflora  also  yield  a  similar  astringent  substance.  The 
dned  flowers  of  B.frondosoy  and  those  of  B.  superbuy  are  known  under  the 
names  of  Tisso  ana  K^saree  flowers.  They  are  extensively  used  in  India 
in  the  production  of  beautiful  yellow  and  orange  dyes,  and  have  been  im- 
ported into  this  country.    The  flbres  of  the  inner  bark  of  B.  frondota  are 


LE6DMIN0SJB — PAPILIONACEjB.  621 

known  under  the  name  of  Pvla$  cordaot.  The  seeds  of  the  same  plant  are 
also  hij^hly  esteemed  as  a  vermifuge  in  India ;  and  from  theae  seeas  the  oil 
known  in  India  as  mnodooga  oii,  which  is  also  regarded  as  an  anthelmintic, 
is  obtained.  The  substance  known  as  gtick-lac  is  also  derived  from  this  tree. 
It  is  produced  on  the  young  twigs  by  the  puncture  of  a  species  of  Coccus, 
Stick-lac  is  used  in  the  preparation  of  sealing  wax.  and  in  dyeing,  &c. 

Castanomermum  auttrale. — The  seeds  when  roasted  are  said  to  resemble 
in  flavour  the  chestnut,  but  they  are  very  inferior  to  it.  The  plant  is  a 
native  of  Moreton  Bay,  in  Queensland,  hence  the  seeds  are  call^  Moreioa 
Bay  Chestnuts. 

Cwer  arietinum.  Chick  Pea  ;  Bengal  Gram. — The  seeds  are  very  largely 
used  in  India  as  food  fur  cattle,  &c  An  acid  liquid  exudes  from  the 
hairs  of  the  stem,  and  other  parts ;  it  is  employed  as  a  refrigerant  by 
the  natives  of  India. 

CHtoria  Tematea. — The  seeds  of  this  Indian  climber  have  been  used  with 
success  as  a  purgative. 

Colutea  arhoreacens^  Bladder-Senna. — The  leaflets  have  been  employed 
on  the  Continent  to  adulterate  Alexandrian  Senna.  They  are  at  once  dis- 
tinguished from  Senna  leaflets  by  their  regularity  at  the  base. 

CoronUla  Emena  has  cathartic  leaves.  They  have  been  used  to  adulterate 
Senna  on  the  Continent.  They  form  the  Sene  Sauoatfc,  or  Wild  Senna  of 
France. 

Crutaiaria  juncea  is  an  Indian  plant  which  furnishes  a  coarse  fibre  called 
Sunn,  Sun,  Shunum,  Taag^  Bengal  Hemp,  dtc.  In  Bombav  and  Madras 
this  fibre  is  used  as  well  as  jute  for  making  gunny  bags,  (^ee  Corc/iorits 
capnularis.)  Sunn  is  sometimes  confounded  with  Sunnee,  a  fibre  obtained 
from  Hibucus  cannabinus.  (See  HibiscuB  cannabinut,) —  CVw taiaria  tenuifolia^ 
another  Indian  plant,  now  sometimes  regarded  as  only  a  variety  of  C.  juncea, 
is  the  source  from  whence  Julthulpore  Hemp  is  derived. 

Cyclopia. — The  leaves  of  some  species  of  this  genus  are  used  as  substi* 
tutes  for  China  Tea  at  the  Ca|)e  of  Good  Hope  under  the  names  of  Hoaig-thee, 
Cope  Tea,  and  Bush  Tea,  According  to  Heniy  C.  Greenish  and  others,  these 
species  are  probably  C.  longiJhUa,  C.  galeoides,  (f.  geni»toides,&ini  C.brachypoda, 

Zkdbergia. — Several  species  of  this  genus  are  good  timber  trees.  The 
most  valuable  of  them  all  is  Z>.  Simmoo.  In  India  its  wood  is  called  Sissoo 
and  Sissum.  East  Indian  Rosewood,  or  Black  Wood,  is  obtained  from  Z>. 
latifolia.  According  to  Dr.  AUemao,  of  Brazil,  the  best  Rosewood  of  com> 
merce  is  derived  from  D.  nigra,  a  native  of  Ikazil ;  and  other  qualities  from 
species  of  Machterium.     (  See  TripUditmtea,) 

IHpteryx. — The  seeds  of  Z>.  oditrata,  a  native  of  Guiana,  have  a  very 
powerful  and  agreeable  odour,  which  is  due  to  the  presence  of  Coumai'iu. 
They  are  used  for  scenting  snufi'  and  in  perfumery,  and  are  commonly 
known  under  the  name  of  Tonquin  or  Tonka  Beans.  Coumarin  is  also 
present  in  other  plants  of  this  sub-order,  as  in  the  seeds  and  flowers  of 
MelUotus  officinaliM  and  M.  ceerulea.  Fragrant  seeds  are  also  obtained  from 
/>.  eboensis.  They  are  the  Eboe-nuts  of  the  Mosquito  Coast ;  they  yield  a 
fatty  oil. 

Genista  Hnctoria,  the  Dyer's  Broom,  yields  a  good  yellow  dye,  or  when 
;nixed  with  Woad  (Jsatis  tinctorid),  a  green.    (See  Isatis.) 

Geoff roya  vermijfuga,  G.  spinulosa,  and  other  species,  possess  barks  which 
have  situLlar  properties  to  those  from  the  species  of  Andira.     (See  Andira,) 

GlycyrrhizcL. — The  ntots  or  underground  stems  of  G.  glabra,  the  Common 
Liquorice  plant,  as  well  as  those  of  other  species  or  varieties,  particularly 
G,  echinata  and  G.  glandtUifera,  possess  a  remarkably  sweet  taste,  which  is 
especially  due  to  the  presence  of  a  peculiar  glucoside  to  which  the  name  of 
Glycyrrhizin  or  Gtycion,  has  been  given.  Extract  of  liquori:e  root  is 
imported  in  very  lai^e  quantities  into  this  country  under  the  name  of 
liquorice  juice,  or  Spanish  or  Italian  juice,  from  the  countries  when(%  it  ia 
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obtained.  The  Spanish  jaice  is  prepared  from  G.  glabra ;  the  Italian  from 
G.  echinata.  The  root  and  extract  of  liquorice  are  employed  ia  medicine 
as  flavouring  substances,  and  for  their  demulcent  and  euiollient  properties. 
Various  preparations  of  liquorice  are  commonly  kept  in  the  shops,  and  sold 
under  the  names  of  pipe  liquorice^  Fontefract  tozengea,  extract  of  Uqmoric€f 
Solazzijvice^  &c. 

Jndigofera  tinctoria,  I.  cserulea,  and  some  other  species,  when  subjected 
to  a  peculiar  process,  yield  commercial  indigo,  one  of  the  most  imporuint  of 
dyeing  materials.  Ithas  been  introduced  ini*)  the  British  Pharmacopceiaa 
as  a  test  agent.  It  is  very  poisonous,  although  in  proper  doses  it  has  been 
employed  in  epilepity  and  amenorrha»a,  but  its  value  in  such  diseases  ia  by 
no  means  well  established. 

Lens  etculenta. — ^The  seeds  are  commonly  known  under  the  name  of 
Lentils^  which  have  been  esteemed  trom  the  earliest  periods  on  account  of 
their  value  as  an  article  of  food. 

Mackmrium. — M,Jirmum^  M.  let/cde,  and  probably  other  species,  are  said 
to  be  the  source  of  the  inferior  kinds  of  Kusewoo^.  (8ee  Dttibergia  and 
T^rtptolnnuBu.) 

Melilotus  officinalis. — ^The  flowers  and  seeds  of  this  and  other  species 
possess  a  peculiar  fragrancy,  which  is  due  to  the  presence  of  Comnuuin, 
They  are  used  to  give  flavour  to  the  *  Schabzieger,'  a  hard  cheese  used  for 
grating. 

Mucuna. — The  hairs  covering  the  legumes  of  3f.  pruriena  or  M.prwrita^ 
a  native  of  the  East  and  West  Indies,  are  sometimes  used  as  a  mechanical 
anthelmintic,  under  the  name  of  Cowhage  or  Cow-itch.  Au  infusion  of  the 
root  of  M.  pruriena  has  been  also  employed  in  India  as  a  remedy  for  cholera. 
The  voung  legumes  are  also  cooked  and  eaten. — 3/.  urem  and  M.  tUtuuma 
furnish  a  black  dye. 

Myroxylon  or  Myrospermum. — Balsam  of  Tolu  is  obtained  from  the  stem 
cX Mgntxylon  Toluifermm  {^Toluifera  Balsamum),  by  iucision.  It  possesses 
milu  stimulant  and  expectorant  properties,  and  is  used  in  chronic  bronchial 
affections.  It  is  also  employed  in  perfumery,  and  as  an  ingredient  in  fumi- 
gating pastilles.  Balsam  of  I*eru  is  obtained  from  M.  Perarm  ( Toluifera 
J*ereirte),  a  native  of  the  Balsam  <Joast  of  the  btate  of  San  Salvador,  in 
Central  America.  It  is  a  fluid  balsam,  which  exudes  ironi  the  tree  ut\er 
the  bark  has  been  flrst  beaten  and  charred  by  the  application  of  lighted 
torches  or  bundles  of  burning  wood,  and  subse({uently  removed.  Balsam  of 
Peru  has  similar  properties  to  Balsam  of  Tolu,  but  it  is  far  less  frequently 
employed.  Balsam  of  Peru  is  sometimes  known  in  commerce  unuer  the 
names  of  Sonsonate  or  St  Salvador  Black  Balsam.  Two  other  medicinal 
products  are  also  derived  from  M.  Pereirte^  namely,  White  Balsam,  which 
1(4  obtained  by  pressing  without  heat  the  interior  of  the  fruit  and  seeds;  and 
Balsamito,  or  Essence  or  Tincture  of  Viigin  Balsam,  which  is  made  by 
digesting  the  fruit  (deprived  of  its  winged  appendages)  in  rum.  A  peculiar 
crystalline  substance  has  been  obtained  by  Stenhouse  from  White  Balsam, 
to  which  he  has  given  the  name  of  Myroxttcarpin. — Al.peruiftrunif  a  native 
of  Ecuador,  Peru,  and  Brazil,  and  which  was  loiig  erroneously  regarded  as  the 
botanical  source  of  BuJsam  of  Peru,  yields  a  fragrant  balsam  not  onUke 
Balsam  of  Tolu,  called  at  Kio  *  Olea  vermelho.' 

Orolnu  tuberonus  — The  roots  are  occasionally  eaten  in  the  Highlands  (tf 
Scotland,  and  in  Holland. 

Physoftigina  venenoaum.  Calabar  Bean. — ^The  seed-*  of  this  plant  haw 
been  known  for  some  years  under  the  name  ol  theOrdeal  Beans  of  Old  Calabar, 
fVom  their  use  in  that  country  for  trial  by  ordeal.  They  are  verv  pois<Mious, 
acting  as  a  powerful  sedative  of  the  spinal  nervous  system.  Calabar  Beans 
have  been  introduced  into  the  British  Pharmacopoeia,  and  in  the  term  of  an 
extract,  or  some  other  suitable  preparation,  have  been  extensively  employad 
MB  a  local  application  to  the  eye  to  cause  contraction  <^  the  pupiL    Tl^ 


LEaUHINOSiE  — PAPILIOItACEiE.  A?S 

•eedc  &c.,  hare  also  been  administered  internally  in  teta|iiu,  chorea,  and 
■onie  other  nervous  atfeotions ;  and  also  in  the  tieatment  of  strychnia 
poisoniufc.  1  he  seeds,  described  bv  Holmes  as  the  produce  of  another  species 
nsined  P.  cylindrotum^  do  nut  difier  in  any  ver}'  important  characters  from 
those  of  F.  veuemtttim^  and  the  two  plants  do  not  ap|>ear  to  be  specifically 
dii*tinct.     Both  kinds  of  seeds  are  found  in  the  Calabar  Beans  of  commerce. 

Pungamia  gltibra, — The  seeds  yield  an  oil  by  expression,  which  is  a 
favourite  application  in  India  in  rheumatism,  and  several  cutaneous  di8« 
eases. 

Ptoralea  ^ndniom, — The  leaves  are  used  in  Chili  as  a  substitute  for 
Paraguay  tea. 

Pterocarpus. — P.  Manuvium  is  the  source  of  our  official  Kino.  This  is 
known  uuder  the  names  of  East  Indian,  Autboyna,  or  Malabar  Kino,  or  in 
the  shops  as  Gum  Kino.  It  is  a  valuable  and  powerful  astringent. — P,  eri- 
naceuMf  a  native  of  West  Africa,  yields  a  siuiilar  astringent  subitance  called 
African  Kino.  East  Indian  Kino  is  that  commonly  met  with  in  this  country. 
Some  other  species  appear  to  vield  similar  products. — Red  Sandal  or  Red 
Sandtra  H'ood  is  obtained  from  P.  nntalinua.  It  is  used  in  medicine 
aa  a  colouring  agent  and  astringent,  and  also  by  the  dyer  for  the  produc- 
tion of  red  and  scarlet  dyes.  It  contains  a  |)eculiar  colouring  matter 
called  SantaJin  or  Santat'ic  acid. — P.  daU>erpioide»  is  said  to  yield  the 
Andaman  Red  Wood.  It  is  a  valuable  timber  tree,  and  is  also  nttdvd  as 
a  dyeing  materiaL  The  bark  of  P,  fiatmt  is  used  in  China  for  dyeing 
yellow. — P.  Draco  is  one  of  the  plants  from  which  the  I>ragon*s  Blood  of 
commerce  is  obtained.  This  is  sometimes,  but  improperly,  called  Gum 
Dragon.  The  true  Gum  Dragon  of  the  shops  is  yielded  by  species  of  AUrO' 
paius.     (See  A$tragah».) 

Rtfbinia  Ptmd-acacia  is  the  North  American  Locust-tree.  It  is  fre< 
quently  cultivated  in  Britain  on  account  of  its  tlowers  and  its  hard  and 
aurable  wood. 

Sarothamnu*. — S.  acopariuM  or  Cytiiut  acopariut,  is  the  common  Broom  ; 
the  seeds  and  tope  in  small  doses  are  diuretic  and  laxative,  and  in  large 
doses  purgative  and  emetic. — Sarothamnus  junceua  or  mpartium  junctum^ 
the  Spanish  Broom,  has  similar  properties.  The  Hbre  tias  also  been  used 
from  an  early  period  in  many  parts  of  Southern  Eurofie  for  the  manufacture 
of  a  coarse  kind  of  cloth  for  home  use  ;  it  has  been  lately  nmch  talked  of 
in  lialv,  and  a  patent  has  been  taken  out  for  preparing  the  Hbre. 

Soja  hispida  or  Glycine  Soja. — The  seeds  are  largely  used  in  China, 
Japan,  India,  &c.,  in  the  preparation  of  the  sauce  called*  by  the  Japanese 
Sooja^  and  by  us  known  as  Soy.  The  seeds  are  also  consumed  in  immense 
quantities  by  the  Japanese,  as  a  vegetable. 

Sophora  japonica. — The  dried  Hower-buds  are  extensively  used  in  China 
for  dyeing  yellow.    They  are  known  under  the  nan;e  of  IVai-fa. 

Tephruaia  Apoilinea  and  T.  toxicaria  are  used  in  Africa  for  the  prepara- 
tion of  a  blue  dye  resembling  indigo.  Several  species  of  Tephroaia,  parti- 
cularly T.  toxicaria,  are  employed  as  fijih  poisons.  They  stupefy  the  fish, 
which  are  then  leadily  taken  by  the  hand.  It  has  been  thought  by  some^ 
that  T,  toxicaria  would  act  on  the  human  system  like  Digitalis,  and  hence 
might  be  used  as  a  substitute  for  it  in  those'  parts  of  the  world  where  that 
plant  is  not  a  native.  The  leaflets  of  T.  AptMittea  are  sometimes  employed 
In  Egypt  to  adulterate  Alexandrian  Senna.  They  may  be  readily  dis- 
tinguished from  Senna  leaflets  by  their  silky  or  silvery  appearance,  and  by 
being  equal>sided  at  the  base. 

Triffoneiia  Fctnum-Graecum. — The  powdered  seeds  of  this  plant  are  used 
in  veterinary  medicine  under  the  name  of  Fatnugreek.  They  are  ahpo  employed 
as  an  ingredient  of  curry  powder ;  and  for  flavouring,  &c.  the  so-called  ooo- 
oentrated  cattle  foods.  In  India  they  are  largely  used  by  the  natives  both 
«a  food  and  medicine ;  whilst  the  fresh  plant  is  consumed  aa  a  vegetable. 
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Trijaiolomma^ — ^Tbe  true  Rosewood  of  cabinet-makers,  which  ifl  imported 
from  Brazil,  has  been  generally'  regarded  as  the  produce  of  one  or  more 
species  of  this  genus,  but  this  is  now  said  to  be  derived  from  a  spectea  of 
jbalbtrgia^  &c.     (See  Daibergia.) 

Voandtea. — The  seeds  of  this  plant  resemble  those  of  the  Arachis  kgpogma 
in  being  edible.  They  are  boiled  and  eaten  as  peas.  Their  native  name  in 
Surinam  is  Gobbe, 

Sub-order  2.  C.ksalpinie^. — ^The  plants  of  this  sub-order  are  princi- 
pally remarkable  for  their  purgative  properties.  Many  important  dye- 
woods  and  several  tanning  substances  are  also  obtained  from  plants  belong- 
ing to  it.  Tlie  fruits  of  some  again  are  edible,  and  none  possess  any  evident 
poisonous  properties. 

Baphia  nitida,  a  native  of  Sierra  Leone  and  other  parts  of  Africa,  fur- 
nishes  the  dye-wood  known  under  the  name  of  Bar  wood  or  Camwood.  This 
wood  produces  a  brilliant  red  colour. 

Baukinia. — B.  Vahliif  B.  racemisa,  and  B.parciflora  furnish  fibres  which 
are  used  in  making  ropes. — B.  retuaa  produces  a  kind  of  gum. — J3.  variegata 
has  an  astringent  bark,  which  is  usckI  in  medicine,  and  for  tanning  and 
dyeing  leather.  The  buds  and  dried  flowers  of  B.  tomentota  are  also  astrin- 
gent, and  are  employed  in  dvsentery,  &c.  Other  species  of  Baukinia  are 
ased  in  Braadl  for  their  mucilaginous  properties. 

Caetalpinia. — The  twisted  legumes  of  C,  coriaria  are  powerfully  aatrin- 
gent ;  they  are  extensively  uwd  in  tanning  under  the  name  of  Divinlivi  or 
Libi-dibi. "  The  legumes  of  C.  Fapai  are  employed  for  a  similar  purpose, 
bat  they  are  very  inferior  to  them  ;  they  are  called  Pi-pi.  The  powdered 
legumes  of  C.  coriaria  have  been  used  with  some  success  in  India  as  an  as- 
tringent and  antiperiodic. — C.  Sappan  furnishes  the  Sappan,  Bookum,  or 
Bukkum-wood  of  India.  It  is  u.sed  for  dyeing  red.  The  roots  of  ihe  same 
tree,  under  tlie  names  of  Yellow- wood  and  Sappan-root,  are  sometimes  im- 
ported from  Singapore,  and  employed  for  dyeing  yellow.  Sappan  wood  is 
also  a  useful  astringent,  somewhat  resembliiig  Logwood  in  its  effects. — C. 
eckinata  furnishes  Nicaragua,  Lima,  or  Peach-wood,  which  is  very  exten- 
sively used  in  dj'eing  red  and  peach-colours. — C.  critta  is  the  plant  from 
which  Brazil-wcod  is  ubtaine«i.  It  is  employed  for  dyeing  yellow,  rose- 
colour,  and  red. — C  brasiliensia  furnishes  another  dye  wood,  called  Brazil  etto- 
wood,  which  produces  tine  red  and  orange  coloun*.  Tiie  exact  species  fur- 
nisliing  the  above  three  dyewoods  cannot,  however,  be  said  to  have  been 
altogether  ascertained. 

Cojuia. — The  species  of  this  genus  are  generally  characterised  by  purga- 
tive properties.  The  leallets  of  several  species  furnish  the  different  varieties 
of  Senna.  The  official  kind,  known  commonly  as  Alextindrian  Senna,  is  said 
in  the  British  Pharmacopceia  to  be  derived  from  CoMialanceolata  of  Lamarck, 
and  C.  obovata  of  CoUadon  ;  but  it  is  now  referred  commonly  by  botanists 
to  C  aculi/olia  of  Delile,  and  (7.  obovata  of  Colladon.  This  is  the  kind 
generally  most  esteemed  in  this  country ;  but  it  was  formerly  much 
adulterated  with  the  leaves,  fruits,  &c.,  of  other  plants.  The  Common  Eatt 
Indian,  Arabian,  Mocha  or  Btnnbay  Senna  is  derived  from  C.  angustifoHa, 
Vahl.  Tinnivellg  Senna  is  furnished  by  the  same  plant  cultivated  in 
Southern  India.  In  the  British  Pharmacopoeia  Tinnivelly  Senna  is  referred 
to  C.  ehngata,  Lemaire ;  ii;  is  a  verv  tine  kind.  The  above  three  varieties 
are  those  generally  used  in  England  ;  but  the  Alexandrian  and  Tinnivelly 
kinds  are  al(*ne  official  in  the  British  Pliannacopoeia.  The  Italian  and  Jamaica 
kinds  of  Senna  are  both  derived  from  C.  ofmvata.  American  Senna,  which 
is  one  of  the  kinds  official  in  the  United  States  Pharmacopoeia,  is  obtained 
from  C.  nuirilandica, — CVuurm  Fistuia. — ^I'he  fruit,  which  is  divided  into  a 
number  of  cells  by  spurious  dissepiments,  contains  a  blackish-brown  viscid 
pulp  with  a  sweetish  taste,  which  possesses  laxative  and  purgative  piopeitica. 
This  pulp  is  official.    The  root  is  also  said  to  be  a  powerfiu  puigatire.—- C 
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braniliana  (C.  granS$)  han  a  larger,  longer,  and  rougher  fruit,  which  also 
posKmes  purgative  properties.  It  is  commonly  used  in  veterinarr  medicine, 
and  is  known  as  Horine  Cassia.  The  fruit  of  C*.  motchata  is  the  Sma)l  American 
Cassia  of  the  French  Pharmaciens.  It  is  occasionally  imported.  The  pulp 
has  similar  properties  to  the  two  former,  but  is  more  astringent  The  Dark 
of  C.  auricufata  is  said  by  Roxburgh  to  be  employed  for  tanning  and  dyeing 
leather.  It  has  also  been  used  instead  of  oak  bark  in  the  preparation  of 
astringent  gargles,  &c.    The  seeds  are  also  regar(1e<l  as  a  valuable  local  ap- 

{plication  in  certain  forms  of  ophthalmia.  The  flowers  are  also  used  for  dye- 
ng  yellow.  The  powdered  seeds  of  C.  absus,  under  the  name  of  CAicAm, 
are  used  in  Kg^'pt  as  a  remedy  in  ophthalmia.  They  are  also  employed  for 
a  similar  purpose  in  India,  ^he  leaves  of  C.  alata  are  held  in  great  esteem 
in  the  East  Indies  and  elsewhere  as  a  local  application  in  skin  diseases  ;  and 
the  leaves  of  C.  Sophora,  C.  occidentalism  and  C  Tora^  are  said  to  possess 
similar  properties. 

Ceratonia  Siiiqua. — The  ripe  fruit  is  known  under  the  names  of  Carob, 
Locust,  and  St  John's  Bread.  Its  pulp  has  a  verv  sweet  taste,  and  is  sup- 
posed to  have  been  the  fttod  of  St  John  in  the  wil<lemess.  The  Carob  Dean 
contains  about  63  per  cent,  of  sugar  when  in  a  dried  state,  and  upwards  of 
20  per  cent,  of  other  respiratory  and  fat-producing  principles,  and  about  1 
per  cent,  of  oil.  Hence  it  is  esi^ecially  adapted  for  fattening  purposes,  and 
IS  now  largely  imported  into  this  country  as  a  food  for  cattle.  It  is 
said  that  the  small  seeds  of  this  plant  formed  the  original  carat  weight  of 
jewellers. 

Codarium  (Dialium)  acuti/oHum  and  C.  ohtusijblium  yield  fruits  which 
are  known  under  the  names  of  Brown  and  Velvet  Tamarinds.  They  are 
both  natives  of  Sierra  Leone.  The  pulp  of  both  species  is  eaten,  and  has  an 
agreeable  taste. 

Capaifera. — Several  species  of  this  genus,  as  C.  Lanpsdorfii,  C.  offidnaiis^ 
C.  guianensis*  C.  cvriacea^  &c.,  yield  the  oleo-resin  commonlv  known  under 
the  name  of  Balsam  of  Copaiba  ;  but  it  is  improperly  so  called,  as  it  contains 
neither  benzoic  nor  cinnaniic  acids,  the  presence  of  at  least  one  of  which  sub- 
stances is  nece&iary  to  constitute  a  true  balsam.  Copaiba  is  obtained  bv 
making  incisions  into  the  stems  of  the  tree<«.  Copaiba  is  said  in  the  British 
Pharmacopoeia  to  be  derived  from  C.  multiiuga^  but  no  such  species  is  known 
to  botanists. — C  pubijUtray  and  probably  C.bracteata  also,  furnish  the  Purple 
Heart  or  Purple  VVuod  of  Guiana,  which  is  largely  employed  for  making 
musket-ramrods,  &c. — C.  Guibourtiana  or  Guibouriia  copa/lijera,  is  the 
principal,  if  not  the  sole,  source  of  the  copal  resin  of  Sierra  Leone.  Dr. 
Welwitsch  has,  however,  expressed  his  belief  that  all  West  African  copal, 
^nd  probably  all  gum  resin  exported  under  this  name  from  Tropical  Africa, 
may  be  looked  upon  as  a  fossil  resin,  produced  in  times  past  by  treei 
which  at  present  are  either  entirely  extinct  or  exist  only  in  a  dwarfed 
posterity.     (See  Hymeniea  and  Trachylobium,') 

Dialium  iitdicum  yields  a  fruit  called  the  Tamarind  Plum,  the  pulp  of 
which  has  an  agreeable  slightly  acidulous  taste,  somewhat  resembling  that 
of  the  common  Tamarind.     (See  Codarium.) 

Guilandina  (^Csesalpinia)  BonductUay  the  Xicker  Tree. — The  seeds  are 
very  bitter,  and  possess  tonic  and  anti periodic  prop«>rties.  They  are  official 
in  the  Pharmacopoeia  of  India,  and  have  been  employed  with  success  in  in- 
termittent fevers,  &c.  The  seeds  are  also  used  for  necklaces,  rosaries,  &c. 
The  bark  of  the  root  likewise  possesses  bitter  and  tonic  properties. 

Hmmatoxylon  campechianum. — The  heart-wood  is  employed  in  dyeing, 
and  as  an  astringent  and  tonic  in  medicine.  It  is  commonly  known 
ander  the  name  of  Logwood.  It  contains  a  crystallin<>  colouringprinciple 
called  hsematoxyUny  to  which  its  properties  are  essentially  due. 

Hymenaa. — H,  Courbarily  the  West  Indian  Locust-tree,  is  supposed  to 
furnish  Gum  Anim^  or  East  Indian  Copal,  but  upon  no  reliable  aathoritj. 
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Some  of  the  Emt  Indian  Copal  is,  however,  probably  obtained  from  H,  tet" 
rvcosa,  Mexican  Copal  is  also  supposed  to  be  derived  fhmi  a  epeciea  of 
Ht/menma.  (See  Copaiftra  and  Trachylobium.)  The  inner  baric  of  ff. 
Courbarii  is  reputed  to  possess  anthelmintic  properties.  The  seeds  of  the 
same  plant  are  imbedded  in  a  mealy  substance,  which  is  sweet  and  pleannt 
to  the  taste  ;  and  from  the  liquor  obtained  by  boiling;  them  and  the  pulp  in 
water,  and  subsequently  allowed  to  underjuro  fermentation,  an  intoxicating 
beverage  is  procured.  This  tree  ^tdws  to  a  larf^e  size,  and  its  timber, 
under  the  name  of  I^ocast-wood,  is  used  by  ship-carpeoters. 

Mora  fxeeisa. — This  plnnr,  which  is  a  lar^e  tree,  a  native  of  Guiana, 
furnishes  the  Mora  Wood  employed  largely  for  ship- building.  The  bark  is 
astringent,  and  useful  ^or  tanniiicr- 

Parkinsonia  aculeata. — Useful  fibres  are  obtained  from  the  stems  d  this 
plant. 

Poinciana  puJcherrima. — ^The  roots  are  said  to  be  tonic,  and  the  leaves  to 
have  purgative  properties. 

Swartzia  tomentoaa,  the  Bully- tree,  a  native  of  Guiana,  yields  a  hard 
and  durable  wood,  called  Beefwood. 

Tamarindta  indica. — The  fruit  is  the  well-known  Tamarind.  It  con- 
tains an  agreeable,  acidulous,  sweet,  reddish  brown  pulp,  which,  when 
preserved  in  sugar,  or  in  its  pure  state,  is  employi»d  medicinally  in  the  pre- 
paration of  cooling  laxative  drinks,  and  in  other  ways. 

Trachylobium, — Dr.  Kirk  has  shown  that  T.' mosMmbicense  is  the 
botanical  source  of  the  kind  of  Zanzibar  Copal  known  as  *  Sandamsi-m'ti,' 
Tree  Copal.  He  also  believes  that  the  Copal  known  in  the  Engliah  market 
as  *  Anim^,*  the  most  valuable  of  all,  and  which  '  is  now  dug  *  from  the  soil, 
is  the  produce  of  extinct  forests,  but  probably  derived  originally  from 
the  samp  species  of  TracAy/ofeiwrn.  Sir  Joseph  Hooker  exhibited  specimens 
of  Fossil  Copal  at  a  meeting  a  few  years  since  of  the  Linnean  Society,  from 
T,  Hnmemannianutn,  This  and  other  kinds  of  Copal  are  used  in  the  pre- 
paration of  varnishes.  Brazilian  Coj^al  is  said  by  some  to  be  derived  from 
T.  Mariianum  and  several  species  of  Hymenwa,  but  on  no  reliable  authority. 
The  origin  of  the  kind  of  Copal  known  «s  Angola  Copal  is  at  present  unde- 
termined. It  has  been  referred  to  T.  Martianum,  but  this  tree  has  never 
been  found  in  Africa.     (See  Hymemca  and  Copaifera.) 

Su^>-order  3.  Mimosk.k. — The  plants  of  this  sub-order  are  chiefly  re- 
markable for  yielding  gum  and  astringent  Hubntances.  Some  few  are 
reputed  to  be  poisonous,  as  Acacia  varians^  the  root  of  a  Brazilian  species  of 
Jnimom,  the  leaves  and  branches  of  Prosopis  uiiUfUtra^  the  bark  of  Eryihro- 
phlantm  puineense,  &c. 

Acacia  — Various  species  of  this  genus  vield  erum,  to  which  the  common 
name  of  Gum  Arabic  is  applied  ;  but  this  is  a  misnomer,  as  very  little  gum 
is  collected  in,  and  none  appears  to  be  exported  from.  Arabia.  The  mors 
important  varieties  now  known  in  the  London  market  arc  as  fnllows: 
Kordofan,  Picked  Turkey,  or  White  Sennaar  Gum,  which  is  derived  from  A. 
Senegal  (  Verek)  ;  Senegal  Gum,  also  from  A.  Senegal ;  Suakin  Gum.Taloa 
or  Talha  Gum,  from  A.  stenocarpa  and  A.  Seyal,  Delile,  var.  Fi^ulai 
Morocco,  Mogadore,  or  Brown  Barbarj'  Gum,  from  A.  arahica,  Willd. ;  Cape 
Gum,  principsllv  from  A.  horridti  (A.  capensin)  ;  Kast  India  Gum,  ftom 
A.  arahica^  and  other  species ;  and  Australian  or  Wattle  Gum,  from 
various  species,  as  A.  nycnaniha^  A,  fieenrrens^  A.  dealbata,  and  A.  hotmaio- 
phylla  ;  but  the  botanical  sources  of  some  of  these  commercial  varieties  can- 
not as  yet  be  said  to  have  been  accurately  determined.  The  extract 
prepared  from  the  duramen  or  inner  wood  of  Acacia  Catechu  furnishes  a 
Kind  of  Catechu  or  Cutch,  a  powerfully  astringent  substance,  containing  mndi 
tannic  acid,  and  largely  employed  in  the  processes  of  tanning  and  dyeing, 
and  also  to  some  extent  in  medicine.  (See  Uncaria  Gamhir.)  The  dri«l 
legumes  of  A.  nilotica  are  imported  under  the  names  of  Neb-neh,  Kik-nib,  or 
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SaUah.  and  are  also  used  hy  tannem  on  account  of  their  aatrin^cent  proper- 
ties. The  bark  of  A.  arabica  pon^esiiea  similar  properties,  and  is  used  exten- 
sively in  India  under  the  name  of  Bahul  Bark  as  a  substitute  for  oak  bark. 
The  barks  of  several  other  species  which  are  natives  of  the  East  Indies  possess 
similar  astrintjent  properties.  The  extract  of  the  bark  of  A,  melanaxyion, 
an  Australian  species,  is  al«(0  a  valuable  tanning  substance,  and  is  frequently 
imported  into  this  country  for  that  purpose.  The  bark  is  also  sometimes 
imported  under  the  name'of  Acacia  Bark. — A.formtm,  a  native  of  Cuba, 
furnishes  a  very  harrl,  touch,  and  durable  wood,  of  a  dull  red  colour,  called 
Sabicu.  This  is  the  woiid  that  was  used  in  constructing;  the  stairs  of  the 
Crystal  Palsre  in  Hyde  Park,  at  the  Great  Exhibition  in  1851,  and  which 
upon  removal  was  found  to  b«  but  little  worn.  The  flowers  of  A,  Farntiiana 
are  very  fratrrarit.  and  when  distilled  with  water  or  spirit,  yield  a  delicious 
perfume.  This  plant  aNo  yields  a  valuable  iruni. — A.  Seval  is  supposed  to 
be  the  Shittah-trpe  or  Shittim-wood  of  the  Bible.  By  others,  however,  the 
plant  yieldinc  this  wjhkI  has  been  thoiij^ht  to  have  been  A.  vera,  and  by 
some  A.  horrida.    The  first  is  probablv  correct, 

Adenantfwm  pavonina^  a  native  of  India,  &c.,  produces  a  dye-wood,  called 
Red  Sandal- w«xid.  Thi«  must  not  be  confounded  with  the  Red  Sandal-wood 
already  alluded  to,  as  being  derived  fr'>m  Pterocarpns  aantalinua.  The  seeds, 
under  the  name  of  Barricarri  seeds,  are  used  in  the  northern  parts  of  South 
America  for  msking  necklaces,  &c.  They  are  perfectly  smooth,  and  have  a 
bright  red  colour. 

Erythrophlaum  gnineenge.  The  Sassy  Tree  of  West4»rn  Africa. — The  l)ark, 
under  the  nam^  of  *  ordeal  bark'  or  *doom  bark,'  is  used  in  certain  parts  of 
Africa  as  an  ordesl,  to  which  |)eraons  suspected  of  witchcraft,  secret  murder, 
4c.,  are  snhjpcted  as  a  te-'<t  of  their  innocence  or  cuilt.  It  is  also  used  for 
poisoning  arrowH.  It  is  also  known  under  the  names  of  .Vassy,  Canca,  Ca»»a, 
and  3fanrona  Bark.  It  has  lK>en  lutelv  recommended  as  a  remedial  agent, 
but  the  experiments  of  Dr.  Lauder  Brunton  have  been  unattended  with 
marked  results. 

Pro»apit. — The  legumes  of  P.  pallida  and  some  other  species  are  very 
astringent,  and  have  been  us(*d  in  tanning  under  the  name  of  Algarohilla. 
The  legumes  of  P.  dutch  and  other  species  or  varieties  found  in  South 
America,  Ac,  have  a  sweetish  taste,  resembling  the  Carob  Beans  (Ceratonia 
Siliqua)y  and  like  them  are  used  as  a  food  for  cattle,  under  the  name  of 
Alfforobo ;  and  a  drink  called  Chica  is  also  prepared  from  them.  The  name 
of  Chica  was  at  first  given  to  a  fermented  liquor  of  the  Maize,  but  is  now 
commonly  applied  in  South  America  to  several  fermented  drinks.  The 
legumes  of  P.  pubencens,  nn  ler  the  name  of  Mmquit  or  Screw  Bean,  are 
largely  used  for  feeding  catrle  in  Arizona.  A  gum  also  exudes  from  the 
stems,  resembling  that  of  (ium  Arabic:  it  is  employed  in  Texas  and 
Arizona  medicinally,  and  for  technical  purposes. 

Natural  Order  81.  MoRiNGACE.«.--The  Moringa  or  Ben-nut 
Order. — Character. — Tre^  with  bi-  or  tri-pinnate  leaves, 
and  deciduous  coloured  stipules.  Flowers  white,  irregular. 
SepcUs  and  petnU  5  each  ;  the  former  deciduous,  petaloid,  and 
furnished  with  fleshy  disk  ;  wstivation  imbricate.  Stamens  8 
or  10,  placed  on  the  disk  lining  the  tube  of  the  calyx  in  two 
whorls,  the  outer  of  which  is  sometimes  sterile  ;  anfliers  1-celled. 
Otxirif  stalked,  superior,  1-cellod,  with  3  parietal  placentas. 
Fniit  long,  pod-shaped,  capsular,  1-celled,  3-valved,  with  locu- 
licidal  dehiscence.     Seeds  numerous,  without  albumen. 

DUtrilmtion  and  Numbers. — Natives  of  the  East  Indies  and 
Arabia.     There  is  only  one  genus  (Moringa),  and  4  species. 
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PropeHitt  and  XJart. — Pungent  (uid  alightljr  oromalic  proper- 
ties more  or  leSa  pi-eTnil  in  plants  of  the  order,  hence  they  Have 
been  employed  ua  stimulants. 

Morioga  pttrygotpfrma. — Tlie  root  raiembles  th«t  of  HorBer»dl)h  in  ila 
tatle  suit  odour,  uid  has  been  ased  inlemallv  as  a  itimulant  ind  diuRtie, 
■od  locally  when  frtsh,  as  ■  rubefscient  aad  vcsicint.  A  kind  of  Rum 
»omewh8t  remmbling  Tragscsnth  exude*  from  the  bark  when  wonnded. 
tU  ae«ds  are  called  in  France  Fxh  QaeniiiMa  nnd  ChlcnU  and  in  EnfiUnd 
Ben-nuta.    They  yield  ■  fl^ed  nil  called  Uil  of  Ben.  which  is  occasion  ill  v 
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NaturalOrder82.Ro3ACE.«.— The  Rose  Order.— Character. 

— Trees,  Aniba,  or  btrb>.  Leavu  simple  {fig.  303)  or  compound 
(fig.  373),  alternate  (^iif.  2M),  usually  stipulate  {figt.  303  and 
373),  Flmeert  reguIaT,  generally  hermaphrodite  (figi.  B35 — 
938),  rarely  unisexual.  Calyx  monosepalous  (figt.  471  and  936), 
with  a  disk  either  lining  the  tube  or  surrounding  the  orifice,  4- 
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or  5-lobed,  when  5  the  odd  lobe  posterior  {fi^.  935),  sometimes 
surrounded  by  a  whorl  of  bracts  forming  an  involucre  orepicalyx 
{fig.  451).  Fetah  5  {fi^.  471,  p,  and  935),  perigynoua,  rarely  none 
(jSj.  940).  Slament  definite  {fig.  940)  or  numerous,  perigynons 
{fi^».  930—938),  atdhtn  (fig.  939)  2-oeiled,  innate,  dehiscing 
longitudinally,  (harifi  1  (fig.  940),  2,  6,  or  nuraaroua  {figi. 
936  and  936),  1-celled  (Jlgi.  940  and  943),  usual!;  apocarpous 
and  superior  {fig.  936,  936),  or  sometimes  more  or  less  com- 
bined together,  and  with  the  tube  of  the  calyx,  and  thus  be- 
coming inferior  {fig.  938) ;  styla  basilar  (figi.  634  and  940), 
Uleral  {fig.  633),  or  terminal  {fig.  937) ;  <*ttie»  1  {fig.  943)  or 
few  (fig.  938).     Fr^tU  various,  either  a  drupe  {figi.  688 — 600), 


an  achfBDium,  a  follicle,  a  dry  or  anoauleut  eberio  (fiji.  656  and 
720),  a  cynarrhodum  {fi%  449),  or  a  poma  (figi.  468  and  714). 
Seedi  1  (^^Ji.  941  and  942)  or  few  {fig.  468),  exalbuminous  ;  tm- 

bnjo  straight,  with  Sat  cutyledona. 
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X>tagnati(. — Treei,  shrubs,  or  herbs,  with  alternate  leavet. 
Flowers  regular.  Calyx  4— 5-lobe(l  ;  when  5,  the  odd  lobe  poa- 
terior.  Petals  5  or  rarely  none.  Stamens  perigynous,  distinct  ; 
anthen2-celle<l,  innate.  Carpeli  one  or  more,  nsnally  distinct  or 
sumetimea  united  ;  generally  superior  or  ocoaaionaJty  more  or 
leaa  inferior.     Seeds  1  or  few,  exalbuminous  ;  embryo  straifM. 
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Division  of  the  Order  and  Examples  of  the  Genera. — ^The  ordar 
Kosaceee,  as  above  defined,  may  be  divided  into  five  sub-ordetw, 
which  are  by  some  botanists  considered  as  distinct  orders.  They 
are  characterised  as  follows  :— 7 

Sub-order  1.  Chrysohalaneee. — Trees  or  tihnihs,  with  simple 
leaves  and  free  stipules.  Carpel  solitary,  cohering  more  or 
less  on  one  side  with  the  calyx ;  ovules  2,  erect ;  style  basilar. 
Fruit  a  drupe.  Seed  erect.  Examples:  Chrysobalanus,  Mo- 
quilea. 

Sub-order  2.  Amygdalea  or  Drupacea, — Trees  or  fikrvhs.  with 
simple  leaves  and  free  stipules.  Oalyx  deciduous.  Carpel 
solitary,  not  adherent  to  the  calyx  ;  style  terminal.  Fruit  a 
drupe.     Seed  suspended.     Examples :  Amygdalus,  Pninus. 

Sub-order  3.  Roseae. — Shrtihs  or  herbs,  with  simple  or  compound 
leaves  and  adherent  stipules.  Carpels  1  or  more,  superior, 
not  united  to  the  tube  of  the  calyx,  distinct  or  sometimes 
more  or  less  coherent ;  styles  lateral  or  nearly  terminal.  Fruit 
either  an  eteerio  or  consisting  of  several  follicles.  Seed  usually 
suspended  or  rarely  ascending  Examples:  Kosa,  Rubus, 
Brayera,  Quillaia. 

Sub- order  4.  Sanguxsorhese. — Herbs  or  undershrvhs.  FlowerB 
often  unisexual.  Petals  frequently  absent.  Carpel  solitary  ; 
style  terminal  or  lateral.  Fruit  an  acheenium  inclosed  in  the 
tube  of  the  calyx,  which  is  often  indurated.  Seed  solitary, 
suspended,  or  ascending.    Examples:  Alchemilla,  Sanguisorba. 

Sub-order  6.  Pome«. — Trees  or  shnihs,  with  simple  or  compoimd 
leaves  ai)d  free  stipules.  Carpels  1  to  5,  adhering  more  or  less 
to  each  other  and  to  the  sides  of  the  calyx,  and  thus  becoming 
inferior  ;  styles  terminal.  Fruit  a  pome,  1 — 5-celled  or  rarely 
spuriously  10-celled.  Seeds  ascending.  Examples :  Cydonia, 
Pyrus,  Crataegus. 

Distribution  and  Nnnibers, — The  Chrysobalanex  are  princi- 
pally natives  of  the  tropical  parts  of  America  and  Africa.  The 
Amygdale^  are  almost  exclusively  found  in  the  cold  and  tempe- 
rate regions  of  the  northern  hemisphere.  The  Eosess  and  San- 
guisorbex  are  also  chiefly  natives  of  cold  and  temperate  climates, 
although  a  few  are  found  within  the  tropics.  The  Pom^se  occur 
only  in  the  cold  and  temperate  regions  of  the  northern  hemi- 
sphere. The  order  Kosaceee  comprises  about  1,000  species,  of 
which  about  one-half  belong  to  the  sub-order  Roseoe. 

Properties  and  Uses. — The  plants  of  the  order  are  principally 
remarkable  for  their  astringency,  and  for  their  succulent  edible 
fruits.  The  seeds,  flowers,  leaves,  and  young  shoots  of  many  of 
the  Amygdalesp  and  Pomea,  when  moistened  with  water,  yield 
Hydrocyanic  acid ;  hence  the  parts  of  such  plants  are  sometimes 
poiscmous.  All  other  Kosace«e  are  entirely  devoid  of  poisonous 
properties. 

Sub-order  1 .  Chrtsob alane^.—- Many  plant4s  of  this  sub-order  prodnoc 
edible  dnipaceoua  fruiU. 
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Ckty9oba!anu». — The  fruit  of  C.  Icaeo  is  edible.  It  is  known  in  the 
West  fndies  under  the  name  of  the  Cocoa-plum.  The  fruit  of  C,  Imteu*  is 
also  eaten  in  Sierra  Leone.  The  root,  bark,  and  leaves  of  C.  Icafio  are 
employed  in  Brazil  as  a  remedy  in  diarrhcea  and  similar  diseases. 

Farinarium. — F.  txcdtum  yields  an  edible  fruit  which  is  known  in 
Sierra  Leone  under  the  name  of  the  Kough-skinned  or  Gray  Plum.  The 
kernels  of  P.  campettre  and  F,  moHtanum  are  likewiiie  reputed  to  resemble 
the  Almond  in  flavour. 

Sub-order  2.  AMYGDALEiS  or  DRUPACEiC.  —This  sub-order  is  remark- 
able ftom  the  parts  of  many  of  its  plants  yielding  when  moistened  with 
water,  hydrocyanic  acid.  Their  barks  al^o  frequently  possess  astringent  and 
febrifugal  properties,  and  yield  a  kind  of  gum  ;  while  many,  again,  have 
edible  fi'uits  and  needs. 

Amygdalu$. — A.  commwniii  or  Frunut  Amygdalm  is  the  Almond-tree,  of 
which  two  varieties  are  commonly  distinguished  from  thevairing  nature  of 
their  seeds,  under  the  names  of  A.  communi§  var.  duicii^  and  A.  atmmunU 
var.  amara^  both  of  which  are  official  in  the  British  Pharmacopceia.  There 
are  however  no  definite  botanical  characters  distinguishing  the  Sweet  and 
Bitter  Almond  trees ;  they  cannot  therefore,  in  9pite  of  the  different  quali- 
ties of  their  seeds,  be  properly  separated  even  as  varieties.  The  seeds  of 
the  former  so-culled  variety,  on  account  of  their  taste,  are  known  as  Sweet 
Almonds ;  and  those  of  the  latter  as  Bitter  Almonds.  The  Almond-tree  is  a 
native  of  Morocco,  Syria,  Persia,  and  Turkestan ;  it  is  also  extensively 
cultivated  in  the  southern  parts  of  Europe  for  the  sake  of  its  seeds.  Sweet 
Almond*  yield  by  expression  a  fixed  oil  commonly  known  as  Oil  of  Almonds. 
They  also  contain  sugar,  and  two  albuminous  substances  called  amandin, 
and  tynaptate  or  emulnin.  The  cake  left  after  the  expres.ainn  of  the  oil, 
when  dried  and  powdered,  is  known  under  the  name  of  Almond-powder. 
Bitter  Almonds  yield  a  similar  oil  by  expression.  They  also  contain 
emulsin,  and,  in  addition  to  the  other  ordinary  constituents  of  Sweet 
Almonds,  a  crystalline  substance  called  amygdatin.  When  bitter  almonds 
are  moistened  with  water,  the  emulsin  acts  as  a  kind  of  ferment  npon  the 
amygdalin,  and  the  result  is  the  formation  of  a  volatile  oil  containing  hydro- 
cyanic acid,  which  is  known  as  the  Essential  Oil  of  Bitter  Almonds,  The 
presence  of  hydrocyanic  acid  renders  this  oil  very  poisonous,  but  this  is  not 
the  case  when  the  acid  is  separated  from  it.  Bitter  Almonds  and  their 
essential  oil  are  extensively  employed  for  flavouring  by  the  cook  and 
confectioner,  and  also  for  scenting  soap  and  for  ottier  purposes  by  the  per- 
fumer. The  cake  left  after  expressing  the  oil  is  frequently  used  for  fattening 
pigs  and  for  other  purposes. — A.  persica  is  the  Peach-tree  of  our  gardens, 
and  a  variety  of  the  same  species j,produces  the  Nectarine.  The  flowers  of 
A.pertica  have  been  employed  as  a  vermifuge,  and  the  leaves  for  flavour- 
ing, and  also  as  a  vermifuge.  The  kernels  may  be  used  for  the  same  pur- 
poses as  the  Bitter  Almond.  All  these  parts,  as  well  as  the  bark,  poesess 
poisonous  properties  owing  to  the  formation  of  hydrocyanic  acid. 

Frunus. — F.  domestica  and  its  varieties  produce  the  well-known  fruits 
called  Plums,  Greengages,  and  Damsons.  When  dried,  plums  are  termed 
Prunes  or  French  Plums.— jP.  spinosa  is  the  common  Sloe  or  Blackthorn, 
and  F.  insititia,  the  Bullace. — P.  armeniaca  is  the  Apricot.  The  barks  of 
F,  spinosa  and  F,  CncomUia  have  febrifugal  properties.  The  leaves  of  F. 
spinosa  are  sometimes  used  for  adulterating  the  black  tea  of  China.  A 
mixture  consisting  of  the  leaves  of  F.  spinosa  and  those  of  Fragaria  coUina^ 
or  F.  vesea^  in  the  proportion  of  one-third  of  the  former  to  two-thirds  of  the 
latter,  is  said  to  form  a  good  substitute  for  China  Tea. 

The  following  plants  are  frequently  considered  by  botanists  to  constitute 
a  distinct  genus,  which  is  termeid  CerasuSf  but  the  species  comprised  in  it  are 
now  more  commonly  included  under  Frunus,  Several  species  or  varieties 
produce  the  fruits  called  Cherries :  thus,  F.  virginiana  of  Miller  is  the  Wild 
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Black  Cherry  of  the  United  Sutes ;  F.  avium  the  Wild  Cherry ;  P.  Patbu 
the  Bird  Cherry;  and  P.  Virginiana  of  Linnteus,  the  Choke  Cherry  or 
Choke-ben-y.  The  latter  is  one  of  the  fruits  osed  commonly  for  mix- 
ing with  Wmican.  (See  Atnelanchier.)  The  leaves,  bark,  and  firuit  of 
the  PrunuB  J^uro-certuu^  the  Common  Laurel  or  Cherry-laurel,  are  poison* 
ous.  Their  poisonous  properties  are  due  to  the  production  of  a  v<datile 
oil  containing  hydrocyanic  acid  when  they  are  moistened  with  water. 
Cherry-laurel  water  is  anodyne  and  sedatiye  in  its  action,  and  may  be 
employed  in  all  cases  w^here  the  use  of  hydrocyanic  acid  is  indicated.  It  i», 
however,  very  liable  to  var}*  in  its  stren^h. '  It  is  official  in  the  British 
Pharmacopoeia,  and  is  prepared  by  the  (listillation  of  the  fresh  leaves  with 
water.  The  bark  of  P.  virginiana  of  Miller  {PrunuM  Berothio,  Ehrh.)  is 
official  in  the  United  States  Pharmacopoeia,  and  is  much  valued  as  a 
remedial  ag-ent.  It  is  regarded  a?  tonic,  calmative  of  nervous  irritability, 
and  as  an  arteridl  sedative.  The  kernels  of  P.  occidentalis  and  other  species 
are  used  for  flavouring  liqueuni,  as  Novau,  Cherrj-- brandy,  Maraschino,  &c 
A  gummy  "exudation  somewhat  resembling  tragacanth  takes  place  more  or 
less  from  the  stems  of  the  different  species  of  Prunus. 

Sul>-order  t).  RosEiK. — ^The  Ro$ieie  are  chiftly  remarkable  fbr  their 
astringent  properties.  Many  yield  edible  fruits,  and  some  very  agreeable 
perfumes. 

Agrimonia  Eupatoria  has  been  used  rs  a  vermifuge  and  astjingent. 

Brayera  antke/mintica  is  a  native  of  Abysnnia.  The  flowers  and  tops 
under  the  name  of  Cusso  or  Kousso  have  been  long  employed  by  the 
Abyssinians  for  their  anthelmintic  properties.  They  have  been  also  used 
of  late  years  in  this  and  other  countries  for  a  similar  purpose,  and  are  said 
to  be  effectual  in  destroying  tape-worms.  Cusso  is  now  official  in  the 
British  Pharmacopoeia. 

Fragaria  elatior^  F,  ve»ca,  and  other  species  or  varieties  of  Fragaria, 
furnish  the  different  kinds  of  Sti  awberries. 

Geum  urbanum  and  G.  riva/e  are  reputed  to  possess  aromatic,  tonic,  and 
astringent  properties. 

Gulennia  trifoliata  and  G.  itipulacea. — The  roots  of  both  these  species 
are  used  in  the  United  States  as  medicinal  agents.  In  small  doses  they  are 
tonic,  and  in  larger  doses  emetic.  They  are  commonly  known  under  the 
names  of  Indian  Phynic  and  American  Ipecacuanha. 

Potentilla  Tnrmrntilla. — The  rhizome  and  rootlets  possess  astringent  and 
tonic  propei*ties.  They  are  employed  in  the  Orkney  and  Feroe  Idfands  to 
tan  leather  ;  and  in  Lapland  in  the  preparation  of  a  red  dye.  Some  other 
species  possess  analogous  properties. 

Quillaiu  saponaria. — The  bark  of  this  and  other  species  contains  a  large 
amount  of  saponin.  It  is  employed  in  some  parts  of  America  as  a  substitute 
for  soap.  It  has  been  much  used  in  this  country  lately  as  a  detergent,  in 
cases  of  scurfiness  and  baldness  of  the  head. 

Bnga. — The  various  species  and  varieties  of  this  genus  are  well  known 
for  the  beauty  of  their  flowers  and  for  their  delicious  odours.  The  fruit 
(commonly  known  under  the  name  of  the  hip)  of  R.  caninii,  the  Dog-Rose, 
is  employed  in  medicine  as  a  refrigerant  and  astringent.  The  fr^h  and 
dried  petals  of  the  unexpanded  flowers  of  P.  gallica  constitute  the  Red-nm 
have*  of  the  shops.  They  are  used  in  medicine  as  a  mild  astringent  and 
tonic,  and  on  account  of  their  colour.  The  petals  of  H.  centi/oHa,  the 
Hundred-leaved  or  Cabbageroee,  and  of  some  of  its  varieties,  are  remarkable 
for  their  fragrance.  Ro^e-water  is  prepared  by  distilling  the  fresh  petals 
with  water  to  which  a  little  spirit  of  wine  has  been  added.  The  petals  of 
R.  centifolia  are  also  employed  in  medicine  a<t  a  mild  laxative.  The  volatile 
oil  known  in  commerce  as  Attar  or  Otto  of  Rose^  is  now  almost  exdusively 
obtained  from  Roumelia  on  the  southern  slopes  of  the  Balkan  moontains. 
It  is  also  largely  produced  in  India,  and  to  some  extent  in  othar  parts,  bat 
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the'ottoof  these  districtfl  ig  almost,  if  not  entirely,  consumed  in  the  eountries 
whence  it  is  obtained.  The  species  cultivated  for  this  purpose  in  Roumelia 
and  India  is  Bo»a  dama$cena.  All  commercial  Otto  of  Roae  is  obtained  by 
difltillatioD,  and,  according:  to  Ileber,  it  requires  20,000  roees  to  yield  Otto 
equal  in  weight  to  that  of  a  rui)ee.  In  Turkey,  5,000  pounds  (German 
weight)  of  rottes  are  said  to  yield  by  careful  distillation  one  pound  of  oil. 
It  is  imported  from  Smyrna  and  Constantinople.  Otto  of  Itosesis  rarely  or 
ever  pure  when  imjiorted  into  this  country-.  It  is  commonly  adulterated 
with  spermaceti,  and  a  volatile  oil  whicL  is  derived  from  Andropogon 
pachnodes^  Trin.  (A.  srhcenanthug^  Linn.)*  The  oil  is  knovm  under  the 
names  of  Oii  of  Ueranium^  Rumi  nii^  or  Ruaa-ka-tel,  and  is  imported  into 
Turkey  from  India  for  the  express  purpose  of  adulterating  otto  of  ruse. 
(See  fielargnnium.) 

RubuM. — Several  species  of  this  genus  yield  edible  fruits :  thus,  the  fruit 
of  RubuM  ld»u$  is  the  Kaspberrj* ;  that  of  R,  fruticonu^  the  Blackberry  ; 
that  of  R.  cte$iu»^  the  Dewberry  ;  and  that  of  R.  Chamaemom^  the  Cloud- 
berry. The  bark  of  the  root  of  R,  vUio§u$  and  R.  canadtnaia  is  much 
employed  as  an  astringent  in  some  parts  of  North  America,  and  is  official  in 
the  United  States  Pharmacopoeia. 

Spirant. —  5.  Jitipendula  and  5.  Ulmaria. — The  roots  of  these  plants 
have  tonic  properties,  ^i.  Ulmaria  is  called  Meadow-sweet  from  the  fragrance 
of  its  flowers,  which  is  due  to  the  presence  of  coumarin.  Seemann  says 
that  in  Kamtschatka  a  strong  liquor  is  prepared  from  the  root  of  S. 
Kamtachatka. 

Sub-order  4.  SANorisoRBKiB. — The  plants  of  this  sub-order  have  gene- 
rally astringent  properties  liite  the  Roarss. 

Acaena  SangMtaorba. — The  leaves  are  used  in  Ne^  Holland  as  a  substi- 
tute for  tea. 

Alchemilla  arvensia.  Field  Ladies'  Mantle  or  Parsley  Piert,  is  astringent 
and  tonic.  It  is  also  reputed  to  be  diuretic,  and  was  formerly  thought  to 
be  useful  in  gravel  and  stone ;  hence  it  was  called  break-atone. 

Sub-order  6.  Pomk.«. — Many  plants  of  this  sub-order  yield  edible  fruits, 
and  from  their  seeds  hydrocyanic  acid  may  be  frequently*  obtained. 

Amelanchier  cana^enaia. — The  fruit  is  known  in  Kupert's  Land,  &C., 
under  the  name  of  Shad-beny  or  Serv'icp-berrj-.  It  is  used  for  mixing  with 
Pemican,  an  article  of  Arctic  diet.     (See  Prunua.) 

Q^mia  vulgari*  ( Pyrua  Cydonia )  is  the  common  Quince. — The  fruit 
is  frequently  mixed  with  apples  in  making  pies  or  tarts,  and  is  much 
esteemed  for  the  preparation  of  a  kind  of  marmalade  and  for  other  purptnes 
by  the  confectioner.  The  rind  contains  oenanthic  ether,  to  which  its  peculiar 
fragrance  is  due.  The  seeds  contain  much  mucilage,  which  is  nutritive, 
emollient,  and  demulcent. 

Eriobotrya  japonica  produces  a  fruit  called  the  Loqnat  Some  of  these 
fruits  in  good  condition  have  occasionally  been  imported  into  this  country 
from  Japan  and  South  America. 

MeapUua  germanica  yields  the  fruit  called  the  Medlar,  of  which  there  are 
several  varieties. 

Pyrua. — Some  species  of  this  genus  produce  edible  fruits. — Pyrtu  Maiua 
and  its  varieties  produce  the  different  kinds  of  Apples. — P.  eommuniaia  the 
Pear-tree,  so  well  known  for  its  fruit ;  the  wood  is  also  sometimes  used  b}' 
wood-engravers  instead  of  Box. — P.  Aucuparia  is  the  Mountain  Ash  or 
Rowan-tree.  Its  flowers,  root,  and  bark  yield  hydrocyanic  acid,  and  there- 
fore possess,  in  a  slight  degree,  sedative  properties. — P.  Aria  U  the  Beam- 
tree,  the  timber  of  which  is  used  for  axle-trees  and  other  purposes. — P, 
domeatica  is  the  common  Service-tree,  and  P.  torminaiia  the  Wild  Servioe-tree. 

Natural  Order  83.  Calycanthacejb. — The  Calvoanthut 
Order. — Diagnosis, — These  are  shrubby  plants  resembling  thA 
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Bomixee,  but  the^difbr  in  havine  opposite  leaves,  which  are  al- 
ways simple,  entire,  and  exBtipulate  ;  in  their  sepak  and  petalt 
being  numerous,  and  Bimilar  in  appearance  ;  in  having  stamrau 
vhose  onthen  are  adnate,  and  turned  outward*  ;  and  by  having 
convohitfl  cotyledons. 

DixlrUiut\<yn,  Ej^mpUt,  and  Niin^nn. — ^They  are  natives  of 
Japan  and  North  America.  ExampUi  of  Iht  Oenera: — Calycan- 
thuB,  Chimonanthus.  These  are  the  only  2  genera,  which  include 
6  species. 

Propartia  and  Una. — The  flowers  generally  are  fragrant  and 
aromatic  ;  and  the  haiii  o{  CalycaTithtui  Jloridiui,  CaroUna  Allspice, 
is  sometimeB  used  in  the  United  States  as  a  substitute  for  Cin- 
namon bark. 

Natural  Order  84.  LYTHRAcEa.— The  Loosestrife  Order.— 
Character. — An-bs  or  rarely  ihrufM,  frequently  4-sided.  Ltata 
opposite  or  rarely  alternate,  entire,  and  esstipulate.  Fhuen 
Fio.  944. 


regular  or  irregular.  Cabjx  {jig.  945)  persistent,  ribbed,  tubu- 
lar below,  the  lobes  with  a  valvate  (estivation,  somatimea  with 
intermediat«  teeth  {fig.  946).  Pefoli  inserted  between  the  lob«i 
of  the  calyx  and  altematt;  with  them  {fi^.  944),  occasionally  want- 
ing, very  deciduous,  ^lament  perigynoua,  inaerted  below  the 
petals  {fig.  944),  to  which  they  are  equal  in  number,  or  twice  ai 
many,  or  even  more  numerous  ;  anlhtTS  adnate,  2-celIed,  open- 
ing longitudinally.  Ocar\j  superior  {fig.  944),  1,  2,  or  6- 
celled  ;  nmUa  numerous  or  rarely  few  ;  dyU  1,  filiform  (jSj. 
944)  ;  itigma  capitate  or  rarely  2-lubeU.  Fruit  capsular,  mem- 
branous, dehiscent,  surrounded  by  the  non-adherent  calyx.  Stti* 
numerous,  with  or  without  wings,  exalbuminous  ;  placentati<Hi 
axile  {fig.  944)  ;  embryo  straight,  with  flat  leafy  cotyledons,  and 
the  radicle  towards  the  hihim. 

DiojrnoiM. — Herbs  or  shrubs,  with  entire  eicstipnlate  and 
usuaUy  opposite  leaves.    Calyx  tubular,  ribbed,  persistent,  beai- 
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inff  the  deciduotiB  petals  and  stamens  ;  the  latter  being  inserted 
below  the  petals.  Anthers  2-celled,  adnate,  bursting  longitu- 
dinally. Ovary  superior,  with  axile  placentation ;  style  1.  Fruit 
membranous,  dehiscent,  surrounded  by  the  non-adherent  calyx. 
Seeds  numerous,  exalbuminous. 

Didributwn,  Ex4impUsy  aiui  Numbers. — The  greater  number 
are  tropical  plants,  but  some  are  also  found  in  temperate  regions, 
as,  for  instance,  in  Europe  and  North  America.  One  species 
only,  Lytkrum  Scdicaria,  has  been  hitherto  found  in  New  Holland. 
Examples  of  the  Qeiiera : — Lythrum,  Lawsonia.  There  are  about 
300  species. 

Froperties  and  Uses. — These  plants  are  chiefly  remarkable  for 
the  possession  of  an  astringent  principle,  and  for  their  value  in 
dyeing. 

Ammannia  vesicatoria. — The  leaves  are  very  acrid  ;  they  are  much  used 
iu  India  by  the  natives  as  a  vesicant,  but  their  action  i*  slow,  and  they 
cause  ^reat  pain. 

Grislea  tomemiosa. — In  India  the  flowers  are  employed  in  dyeing,  mixed 
with  species  of  Morinda.    (8ee  Morinda.) 

Lagerstromia  Regina  has  narcotic  seeds,  and  its  leaves  and  bark  are 
reputed  to  be  purgative  and  hydraf^ogue. 

Lawsonia  inermix  or  L.  alba. — The  leaves  and  young  twigs  of  this  shrub 
form  the  Henna  or  Alkanna  of  £g>'pt,  and  other  countries.  Henna  is  used 
by  the  women  in  the  East  to  dye  the  tips  of  their  fingerts  their  finger  and 
toe-nails,  palms  of  the  hand,  and  soles  of  the  feet,  of  a  reddish-orange  colour. 
The  men  also  use  it  for  colouring  their  beards.  It  is  likewise  employed  for 
dyeing  skins  and  morocco  leather  reddish-yellow,  and  by  the  Arabs,  Persians, 
&c,  for  dyeing  their  horses*  tails  and  manes.  The  leaves  are  also  used  to 
some  extent  as  an  astringent. 

Lythrum  Salicaria,  Purple  Loosestrife,  is  a  common  British  plant,  and 
is  said  to  be  useful  as  an  astringent  in  diarrhoea,  &c.  Other  species 
probably  possess  similar  prc^erties. 

Natural  Order  86.  SaxifraoacEjE. — The  Saxifrage  Order. — 
Character. — Herbs  with  alternate  leaves,  which  are  entire  or 
lobed  {Jig.  946),  stipulate  or  exstipulate.  Calyx  of  4  or  6  sepals, 
which  are  more  or  less  united  at  the  hB»Q(Jig.  620),  inferior  or  more 
or  less  superior  (ftgs.  620  and  947).  Petals  4  or  5,  perigynous,  al- 
ternate with  the  lobes  of  the  calyx  (Jig.  947),  sometimes  wanting. 
Stamens  5 — 10,  perigynous  (Jig.  947)  or  h3rpog3mous  ;  a^ithers 
2-celled,  with  longitudinal  dehiscence.  Di;A  usually  evident, 
either  existing  in  the  form  of  6  scaly  processes,  or  annular  and 
notched,  hypogynous  or  perigynous.  Ovary  superior  or  more 
or  less  inferior  {Jigs.  620  and  947),  usually  composed  of  two  car- 
pels, united  below,  but  more  or  less  distinct  towards  the  apex  ; 
1  or  2-celled  ;  styUs  equal  in  number  to  the  carpels,  distinct, 
diverging.  Fruit  capsular,  1 — 2-celled,  usually  membranous. 
Seeds  small,  numerous ;  embryo  {Jig.  948)  in  the  axis  of  fleshy 
albumen,  and  with  the  radicle  towards  the  hilum. 

Diagnosis. — ^Herbs  with  alternate  leaves.  Flowers  unsjrm- 
metrical  Calyx  inferior  or  generally  more  or  less  superior,  4 
— 5-parted.     Stamens  perigynous  or  hypogynous.     Ovary  8Qpe« 
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rior  or  more  or  lea  inferior,  composed  of  2  carpel*  united  mt  tlie 
base,  and  diverging  at  tJie  upex ;  atylea  distinct,  equal  in  number 
to  the  carpels.  Fruit  c^Mular,  1— 2-celled.  Seeds  numeruoa, 
sm&ll,  with  fleshy  albumen. 


Distribution,  Examplea,  and  Numiier). — They  are  exclusiTelf 
nativcB  of  the  northern  parts  of  the  world,  where  they  chiefly 
inhabit  mountainous  districbi,  and  aometiiues  grow  as  high  as 
16,000  feet  above  the  level  of  the  sea.  Examples  of  the  Genera : 
— Saxifraga,  Chrysosplenium,  Heuchera.  There  axe  about  313 
species. 

Properties  and  Uieii.- — The  plants  of  the  order  are  all  man  or 
less  astringent.  This  is  remarkably  the  case  with  the  root  of 
Hefithera  anuricaiia,  which  ia  much  employed  fur  its  astringent 
properties  in  the  United  States  under  the  name  of  ^Itim-n>ut 

Natural  Order  8G.  HyDKANasACEf, — The  Hydnui((eB  Order. 
— JHatmona. — This  order  is  frequently  regarded  as  a  aub-ordv 
of  Saiifragaceie,  with  which  it  agrees  in  many  important  parti- 
culars;  but  it  diSere  in  its  plants  being  of  a  shriibby  nature ; 
in  their  having  opposite  leaves,  which  are  always  exstipuUte;  in 
their  tendency  to  a  polygamous  structure,  >■  exhibited  in  lbs 
possession  of  radiant  stamiual  flowers  ;  and  in  baying  fr«qu(a)t];f 
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more  than  2  carpels,  with  a  corresponding  increase  in  the  num- 
ber of  styles  and  cells  to  the  ovary. 

DUtrUmtuyn,  Examples,  and  Numbers. — Natives  chiefly  of  the 
temperate  regions  of  Asia  and  America.  About  one-half  of  the 
species  are  natives  of  China  and  Japan.  Examples  of  the  Genera : 
— Hydrangea,  Bauera.     There  are  about  45  species. 

Properties  and  Uses. — Unimportant. 

Hydrangea. — The  leaves  of  Hydrangea  Thunbergii  are  used  in  Japan  as 
tea,  and  this  tea  is  so  highly  valued  by  the  Japanese,  that  they  call  it 
Ama-tnja  or  the  Tea  of  Heaven.  The  foot  of  H.  arhoreteena,  under  the 
name  of  Leven  Bark  or  Wiid  Hydrangea,  is  lar^ly  employed  in  the  United 
States  of  North  America  in  calculous  complaints. 

Natural  Order  87.  Hensloviacbje. — The  Henslovia  Order. — 
Diagnosis. — This  is  a  small  order  of  tropical  plants  containing 
but  1  genus,  and  3  or  4  species,  which  is  considered  by  Lindley 
to  be  nearly  allied  to  Hydrangeaceie ;  but  distinguished  from 
them  in  their  tree-like  habit,  in  their  styles  being  united  into  a 
cylinder,  and  in  the  total  absence  of  albumen.  Example: — 
Henslovia.     Their  properties  and  uses  are  unknown. 

Natural  Order  88.  Cunoniace^e. — The  Cunonia  Order. — 
Diagnosis. — Nearly  allied  to  Saxifragaceae,  but  differing  from 
them  in  being  trees  or  shrubs,  with  opposite  leaves,  and  large 
interpetiolar  stipules.  The  latter  character  will  also  distinguish 
them  readily  from  Hydrangeacea^,  which  are  exstipulate. 

Distrityiiti&n,  Examples,  and  Numbers. — Natives  of  South 
America,  the  Cape,  the  East  Indies,  and  Australia.  Examples 
of  the  Genera: — Weinmannia,  Cunonia.  There  are  about  100 
species. 

Properties  and  Uses. — Astringent.  Some  have  been  used  for 
tanning  ;  others  exude  a  gummy  secretion. 

Natural  Order  89.  Crassulace^ — The  Houseleek  or  Stone- 
crop  Order. — Character. — Succulent  herbs  or  slmibs.  Leaves 
entire  or  pinnatifid,  exstipulate.  Flowers  usually  cymose  (fig» 
431),  symmetrical  {figs.  775  and  776).  Calyx  generally  com- 
posed of  6  sepals,  but  varying  in  number  from  3 — 20,  more  or 
less  united  at  the  base,  inferior  {fig.  *I*Jb,  c),  persistent.  Petals 
equal  in  number  to  the  divisions  of  the  calyx  {fig.  775,  jo),  with 
which  they  are  alternate,  either  distinct  or  united,  and  inserted 
into  the  bottom  of  the  calyx  ;  eestivaiion  imbricate.  Stamens 
inserted  with  the  petals  {fig.  775,  e),  either  equal  to  them  in 
number  and  alternate  with  them  {fig.  775) ;  or  twice  as  many 
{fig.  776),  and  then  forming  2  whorls,  one  of  which  is  composed 
of  longer  stamens  than  the  other,  the  longer  stamens  are  placed 
alternate  to  the  petals,  and  the  shorter  stamens  opposite  to 
them ;  anthers  2-celled  with  longitudinal  dehiscence.  Carpels 
equal  in  number  to  the  petals  and  opposite  to  them  {fi>g,  775.  o), 
each  having  frequently  a  scale  on  the  outside  at  the  base  (fig, 
775  a),  distinct  or  more  or  less  united ;  stxfles  distinct.     FtwJt 
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either  consisting  of  a  whorl  of  follicles,  or  a  capsule  with  loca- 
licidal  dehiscence.  Seeds  very  small,  variable  in  number; 
emJyryo  in  the  axis  of  fleshy  albumen,  with  the  radicle  towards 
the  hilum. 

Diagnosis. — Succulent  herbs  or  shrubs.  Leaves  ezstipulate. 
Flowers  perfectly  symmetrica],  the  sepals,  petals,  and  carpels 
being  equal  in  number  (3 — 20),  and  the  stamens  being  also  equal 
to  them,  or  twice  as  many.  Petals  and  stamens  almost  or  quite 
hypogynous.  Corolla  monopetalous  or  polypetalous.  Fruit 
either  apocarpous  and  follicular,  or  a  many-celled  capsule  with 
loculicidal  dehiscence.  Seeds  small ;  embryo  in  the  axis  of  fleshy 
albumen. 

Division  of  the  Order  and  Examples  of  the  Genera: — The 
order  may  be  divided  as  follows  : — 

Sub-order  1.  Crasmiem. — Fruit  consisting  of  a  whorl  of  folli- 
cles.    Examples: — Crassula,  Sedum. 

Sub-order  2.  Diamorphese. — Fruit  a  many-celled  capsule  with 
loculicidal  dehiscence.     Examples: — ^Diamorpha,  Penthorum. 

Disfribution  and  Numbers. — They  are  found  in  very  dry  situ- 
ations in  all  parts  of  the  world  ;  a  large  number  occur  at  the 
Cape  of  Good  Hope.     There  are  nearly  450  species. 

Properties  and  Uses. — Astringent,  refrigerant,  and  acrid  pro- 
perties are  found  in  the  plants  of  this  order,  but  none  are  of 
much  importance. 

Cotyledon. — C.  umbiiicuM. — This  plant,  which  is  a  common  native  in  the 
west  of  England,  has  long  been  in  use  as  a  popular  remedy  in  hysteria,  and 
as  an  external  application  to  destroy  corns  and  warts.  It  has  also  been  fre- 
quently used  of  late  years  as  a  remedy  for  epilepsy. — C,  orbictdata,  a  native 
of  the  Cape  of  Good  Hope,  is  employed  in  similar  cases. 

Rhodiola  etculenta  is  eaten  by  the  Greenlanders. 

Sedum. — S,  acre  is  the  common  yellow  Biting  Stonecrop  of  our  walls, 
and,  as  its  name  implies,  is  of  an  acrid  nature.  It  is  also  reputed  to  poeeess 
emetic  and  purgative  properties. — Sedum  Telephium  is  astringent.  Lindley 
says  that,  in  Ireland,  the  leaves  of  Sedum  dasypht/Uumf  rubbed  among  oats, 
are  regarded  as  a  certain  cure  for  worms  in  horses. 

Natural  Order  90,  FRANCOACBiE. — The  Francoa  Order. — 
Character. — Stemless  herbs.  Leaves  exstipulate.  Calyx  4- 
partite.  Petals  4,  persistent.  Stamens  hypogynous  or  nearly 
so,  four  times  as  many  as  the  petals,  the  alternate  ones  sterile. 
Ovary  superior,  4-celled;  ovules  numerous;  stigma  sessile, 
4-lobed.  Fruit  a  membranous  4-celled,  4-valved  capsule,  with 
loculicidal  or  septicidal  dehiscence.  Seeds  minute,  indefinite ; 
embryo  very  minute,  at  the  base  of  a  large  quantity  of  fleshy 
albumen. 

Distrihutiony  Examples,  and  Numbers. — Natives  of  ChUi. 
Examples  of  the  Genera: — Francoa,  Tetilla.  These  are  the  only 
genera  ;  they  include  about  6  species. 

Properties  and  Uses, — The  Francoas  are  reputed  to  be  cooling 
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and  sedatiye.  TetiUa  is  astringent,  and  is  employed  as  a  remedy 
for  dysentery. 

Natural    Order   91.      PARONYCHIACEiE  OB    iLLBCSBRACKiB. — 

The  Bjiotwort  Order. — Character. — Htrb»  or  afirubSf  with  en- 
tire simple  stipulate  leaves.  Flowers  minute.  Sepals  b,  or 
rarely  3  or  4,  distinct  or  more  or  less  united.  FetaU  small 
or  absent,  perigynous.  Stamens  somewhat  hypogynous,  either 
equal  in  number  to  the  sepals  and  opposite  to  them,  or  more 
numerous,  or  rarely  fewer.  Ovary  superior,  1  or  3-celled  ;  styles 
2 — 6.  FniU  dry,  1  or  3-celled,  dehiscent  or  indehiscent.  Seeds 
either  numerous  upon  a  free  central  placenta,  or  solitary  on  a 
long  funiculus  arising  from  the  base  of  the  fruit ;  albumen  fari- 
naceous ;  embryo  curved. 

Distribution,  Examples,  and  Numbers, — Natives  chiefly  of 
barren  places  in  the  South  of  Europe  and  the  North  of  Africa. 
Examples  of  the  Oenera : — Hemiaria,  Spergula.  There  arie  about 
100  species. 

Properties  and  Uses. — Slightly  astringent. 

Paronychia, — The  flowers  and  leaves  of  Paronychia  aryentea  and  P, 
nivca  are  used  in  the  preparation  of  a  kind  of  tea  in  France,  and  which  ia 
employed  as  a  remedy  for  i)ei'8ons  suffering  from  oppression  of  the  chest,  or 
from  any  difficulty  of  digestion.     It  is  known  as  The  Arabe  or  Sanyuinart. 

Natural  Order  92.  Portulacace^. — The  Purslane  Order. — 
Character. — Stux^ilent  herbs  or  shnibs,  with  entire  exstipulate 
leaves.  Flowers  unsymmetrical.  Sepals  2,  united  at  the  base. 
Petals  usually  5,  distinct  or  united.  Stamens  perigynous  or 
hypogynous,  varying  in  number,  sometimes  opposite  to  the 
petals ;  filaments  distinct ;  anthers  2-celled,  versatile.  Ovary 
superior,  or  rarely  partially  adherent.  Fruit  capsular,  usually 
deniscing  transversely,  or  by  valves ;  sometimes  indehiscent ; 
placenta  free  central.  Seeds  numerous  or  solitary ;  embryo  curved 
round  farinaceous  albumen. 

Distribution,  Examples,  and  Numbers. — Natives  of  waste  dry 
places  in  various  parts  of  the  world,  but  chiefly  at  the  Cape  of 
Good  Hope  and  in  South  America.  Examples  of  the  Genera: — 
Portulaca,  Claytonia,  Montia.     There  are  about  190  species. 

Propeiiies  and  Uses. — The  fleshy  root  of  Claytonia  tnherosa  is 
edible.  Portulaca  oleracea  has  been  used  from  the  earliest  times 
as  a  pot-herb,  and  in  salads.  It  possesses  cooling  and  antiscor- 
butic properties.     Many  of  the  plants  have  large  showy  flowers. 

Natural  Order  93.  M£8EMBBYACEi£  OB  FicoiDEiE. — The  Ice- 
Plant  or  Fig-Marigold  Order. — Character. — Succxdent  herbs  or 
shrubs,  with  opposite  or  alternate,  simple,  exstipulate  leaves. 
Calyx  3 — 8-partite,  either  free  or  partially  adherent  to  the  ovary. 
Petals  either  numerous  and  showy  or  altogether  absent. 
Stamens  perigynous,  distinct,  numerous  or  definite.  Ovary 
inferior  or  nearly  superior,  usually  many-oelled,  rarely  1-celled ; 
placentas  axile,  free  central,  or  parietal;  styles  and  stigmas  aa 
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many  as  the  cells  of  the  ovary,  distinct ;  ovules  usually  name- 
rouB  or  rarely  solitary,  amphitropal  or  auatropal.  Fruit  usually 
a  many-celled  capsule  or  rarely  1-celled,  dehiscing  in  a  stellate 
or  circumscissile  manner  at  the  apex,  or  splitting  at  the  base ;  or 
woody  and  indehiscent.  Seeds  few  or  humorous,  or  rarely  soli- 
tary ;  embryo  curved  or  spiral,  on  the  outside  of  mealy  albumen. 

Diagnosis. — Succulent  herbs  or  shrubs,  with  simple  exstipu- 
late  leaves.  Sepals  definite,  generally  more  or  less  adherent  to  the 
ovaiy.  Petals  very  numerous  or  absent.  Stamens  perigynous. 
Ovary  inferior  or  nearly  superior ;  styles  distinct ;  placMsntas  axile, 
free  central,  or  parietal.  Fruit  capsular  or  indehiscent.  Seeds 
with  a  curved  or  spiral  embryo  on  the  outside  of  mealy  albumen. 

Ditision  of  the  Order  and  Examples  of  the  Genera : — ^The  Me- 
sembryacese  may  be  divided  into  three  sub-orders  as  follows : — 

Sub-order  1.  Mesemhryea. — Leaves  opposite.  Petals  nume* 
rous,  conspicuous.  Stamens  numerous.  Fruit  capsular,  de- 
hiscent.— Examples: — Mesembryanthemum,  Lewisia. 

Sub-order  2.  Tttragonex. — Leaves  alternate.  Petals  absent. 
Stamens  definite.  Fruit  woody  and  indehiscent.  Examjdes: 
— Tetragonia,  Aizoon. 

Sub-order  3.  Sesuvese, — Leaves  alternate.  Petals  absent.  Sta- 
mens definite.  Fruit  capsular,  with  transverse  dehiscence. 
Examples: — Sesuvium,  Cypsela. 

The  two  last  sub-orders  are  commonly  placed  in  an  order 
by  themselves,  called  Tetragoniacese^  which  is  readily  distin- 
guished from  the  Mesembryacefe,  by  its  plants  having  alternate 
leaves,  no  petals,  and  but  a  small  number  of  stamens.  The  plants 
comprehended  in  the  above  three  siib-orders  are,  however,  so 
nearly  allied,  that  we  have  placed  them  in  one  order  as  above. 

Distributiov  and  Numbers. — Natives  exclusively  of  warm  and 
tropical  regions.  A  large  number  are  found  at  the  Cape  of 
Good  Hope.     There  are  about  450  species. 

Properties  and  Uses. — Several  are  edible  ;  others  yield  an 
abundance  of  soda  when  burned  ;  but  generally  the  plants  of  the 
order  are  of  little  importance. 

Lewiaia  rediviva. — The  root  18  eaten  in  Oregon.  It  is  sometimes  called 
Tobacco- root  from  the  smell  of  tobacco  which  it  is  said  to  acquire  by  cook- 
ing. According  to  M.  Geyer,  it  is  the  Racine  amere  of  the  Canadian  Vora- 
geurs ;  it  forms  a  very  agreeable  and  wholesome  food  when  coolc*»d, 

Mesembrycmthemum. — M.  crystallinum  is  the  Ice-plant.  It  is  so  called 
from  its  surface  being  studded  with  little  papillte  (see  page  64)  of  an  ice-like 
api^earance.  Its  juice  is  reputed  to  be  diuretic.  The  ashes  of  this  species, 
as  well  as  those  of  M.  capticum^  M.  nodifiorum^  and  others,  contain  soda.-* 
M.  geniculiflorum  is  employed  as  a  pot-herb  in  Africa,  and  its  seeds  are 
edible. — ^f.  edule  is  called  the  Hottentot's  Fig ;  its  leaves  are  eaten.  The 
fruit  of  3/.  sequUaterale  (Pig- faces  or  Canagong)  is  eaten  in  Australia. 

Tetragonia  e.vpansa  is  used  in  New  Zealand  as  a  substitute  for  spinach. 
It  has  been  cultivated  in  Europe,  and  employed  for  the  same  purpose  under 
the  name  of  New  Zealand  Spinach.  It  has  been  highly  recommended  tot 
cuifivation  in  this  country.    Its  flavour  is  very  similar  to  ordinary  spiosch. 
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Natural  Order  94.  Pahsiflobacba. — The  Passion-flower 
Order. — Character. — Herbs  or  «Aru6«,  usually  climbing  by 
tendrils  {Jig.  222).  Leaves  alternate,  with  foliaceous  stipules. 
Flowers  perfect  or  very  rarely  unisexual.  SepaJis  5,  united  be- 
low into  a  tube,  the  throat  of  which  bears  a  number  of  filamen- 
tous processes  ;  petals  5,  inserted  into  the  throat  of  the  calyx  on 
the  outside  of  the  filamentous  processes,  with  an  imbricate  lesti- 
vation  ;  sometitaes  wanting.  Stamens  usually  5,  monadelphous 
or  rarely  numerous,  surrounding  the  stalk  of  the  ovary.  Ova^-y 
stalked,  superior,  1-celled  ;  styles  3,  clavate ;  pUiceidas  parietal. 
Fruit  l-celied,  stalked,  generally  succulent.  Seeds  numerous, 
arillate  ;  embryo  in  thin  fleshy  albumen. 

Dhdribntioiiy  Examples,  and  Numbers. — They  are  chiefly  found 
in  tropical  America,  but  a  few  also  occur  in  North  America  and 
the  East  Indies,  and  several  in  Africa.  Examples  of  the  Genera: 
— Passiflora,  Tacsonia.     There  are  about  214  species. 

Properties  and  Uses. — Several  have  edible  fruits,  and  others 
are  said  to  be  bitter  and  astringent,  narcotic,  emmenagogue,  or 
diaphoretic. 


Paropsis  eduU»  has  an  edible  fruit.     It  is  a  native  of  Madaj^^ancar. 

PaMnfiitra. — The  fruits  of  several  species  of  this  genus  are  eaten  under 
the  name  of  GrnnadilLns.  The  root  of  P.  guadranffttlaris  is  said  to  be 
narcotic.  The  flowers  (if  P.  rubra  are  also  narcotic.  Other  species  are 
reputed  to  be  anthelmintic,  emmenagogue,  expectorant,  emetic,  carmina- 
tive, Ac. 

Tasconia. — The  pulpy  fruits  of  T,  gpeciota,  T.  moUitsimay  T.  tripartita^ 
and  others,  are  edible. 

Natural  Order  95.  MALBSHERBiACEiE. — The  Crownwort 
Order. — Diagnosis. — Tliia  is  a  small  order  of  herbaceous  or 
somewhat  shrubby  plants,  resembling  PassifloracesR,  but  differ- 
ing in  never  being  climbers  ;  in  the  want  of  stipules ;  in  the 
filamentous  processes  of  the  flowers  of  that  order  being  reduced 
to  a  short  membranous  rim  or  coronet  in  this  ;  in  the  insertion 
of  their  styles  at  the  back  instead  of  the  apex  of  the  ovary  ;  and 
in  the  seeds  not  being  arillate. 

Distribution,  Examples,  and  Numbers. — They  are  all  natives 
of  Chili  and  Peru.  Examples  of  the  Genera: — Malesherbia, 
Gynopleura.    These  are  the  only  genera ;  they  include  5  species. 

Properties  and  Uses. — Altogether  unknown. 

Natural  Order  96.  TraNERACB^. — The  Tumera  Order. — 
Character. — Herbaceous  or  somewhat  «^rti6&i/ plants.  Leaves 
alternate,  exstipulate,  hairy.  i^^ii;er«  axillary.  Ca(i/x  inferior, 
5-lobed,  imbricated  in  lestivation.  Petals  5,  equal,  twisted  in 
aestivation,  perigynous.  Stamens  5,  alternate  with  the  petals, 
perigynous  ;fUameiUs  distinct.  Ovary  1-celled,  superior,  with  3 
parietal  placentas ;  styles  3,  more  or  less  tuiitea  at  the  base, 
forked  or  branched  above.  Fniit  capsular,  1-celled,  3-valvedy 
partially  dehiscing  in  a  loculicidal  manner.     Seeds  with  a 
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cule  on  one  side,  and  a  slightly  curved  embryo  in  the  midst  of 
fleshy  albumen. 

Distributiony  Examples^  and  Numbers. — Natives  exclusively 
of  South  America  and  the  West  Indies.  ExampUa  of  the  Chmera : 
*— Tumera,  Piriqueta.  These  are  the  only  genera  according  to 
Lindley  ;  they  include  about  60  species. 

Properties  and  Uses. — Some  are  said  to  be  astringent,  others 
tonic  and  expectorant,  and  a  few  aromatic. 

Tumem. — ^The  drug  known  in  the  United  States  under  the  name  of 
*Damiana*  is  principal] v  derived,  according  to  Holmes,  from  a  species  of 
Tvmera,  and  probably  T.  microphyVa*  The  source  of  another  variety  <rf 
Damiana,  used  in  America,  is,  however,  said  to  be  Aplopappu*  (UacoideHM^ 
DC,  a  plant  of  the  order  Compoeiue.  (See  Aplopapput.)  Damiana  is 
regarded  as  a  powerful  aphrodisiac. 

Natural  Order  97.  Papayace^.— The  Papaw  Order.— 
Character. — Trees  or  ^/intb^^  sometimes  with  an  acrid  milky 
juice.  Leaves  alternate,  on  long  stalks,  lobed.  Floxcers  uni- 
sexual. Calyx  inferior,  minute,  6-toothed.  Corolla  monopeta 
lous,  without  scales  in  the  fertile  flowers,  6-lobed.  The  barren 
flower  has  a  few  stamens  inserted  on  the  corolla.  The  fertile 
fiower  has  a  1-celled  superior  ovary,  with  3 — 5  parietal  placentas. 
Fruit  succulent  or  dehiscent.  Seeds  numerous,  albuminous,  with 
the  radicle  towards  the  hilum. 

Distribution,  Examples,  and  Numbers. — Natives  of  South 
America  and  the  warmer  parts  of  the  Old  World.  Examples  of 
the  Oenera : — Carica,  Moaecca,     There  are  about  26  species. 

Properties  and  Uses. — Generally  unimportant ;  but  the  acrid 
milky  juice  is  said  to  be  poisonous  in  some  species  ;  and  in 
others  emmenagogue.  The  seeds  of  some  species  are  also  em- 
menagogue. 

Carica, — The  acrid  milky  juice  of  Carica  digitata  is  said  to  be  a  deadly 
poison.  The  juice  of  the  unripe  fruit,  and  the  powdered  seeds  of  Carica 
Papaya  are  powerful  anthelmintics ;  the  former  being  the  most  active  and 
certain  in  its  action.  The  fruit,  however,  when  cooked,  is  eaten.  The 
powdered  seeds  have  also  a  great  reputation  in  Southern  India  for  their 
powerful  emmenagogue  properties.  The  milky  juice  of  the  unrifie  fruit 
has  the  property  of  rapidly  softening  the  toughest  meat  when  boiled  with 
it  for  a  short  time.  Its  use  for  this  purpose  is  very  general  in  Quito  ;  and 
the  recent  experiments  of  Wittstein  have  shown,  tnat  it  contains  a  ferment 
which  has  a  most  energetic  action  upon  nitrogenous  substances.  This 
juice,  according  to  Vauquelin,  resembles  animal  albumen  in  its  characters 
and  reactions.  The  leaves  are  also  used  in  some  districts  as  a  substitute 
for  soap. 

Natural  Order  98.  PANGiACEiE. — The  Pangium  Order. — 
Diagnosis. — This  is  a  small  order  of  arborescent  unisexual  plants 
nearly  allied  to  Papayacese,  but  differing  principally  in  being 
polypetalous  ;  and  in  the  fertile  flowers  having  as  many  scales  as 
there  are  petals,  and  placed  opposite  to  them. 

Distribution,  Properties,  arid  Uses. — Exclusively  natives  of 
the  hotter  parts  of  India.     They  are  all  more  or  less  poisonous. 
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It  u  uid,  however,  that  by  boiling,  and  mBcention  aftfirwuda 
in  oold  water,  the  poiionoiu  propertiea  may,  in  Bome  caaei,  be 
got  rid  of,  as  in  the  leedi  of  Pangium  tduk,  the  kernels  of 
which  are  then  uaed  as  a  condiment,  and  fc«  mixing  in  curries. 
But  even  these,  according  to  Horsfield,  act  as  a  caUiaTiic  upon 
those  unaccuatoioed  to  Ibeir  use. 

2.  EpigynfB. 

Natural  Order  09.  CvccuBrTACB*.— The  Gourd  or  Cucumber 
Order. — Character. — Herb$,  generally  of  a  succulent  nature, 


— n^.  »M    iflllFUTtUmllUtcIlD  _ 

tho  floral  cnTplopn  uf  nhlch  Lia>a  been  ^ll'lded  In  *  lon^tadln*]  muiner. 

FioiD  Ju»ten.    r.  Calj'jL.    p,  Cmollu.    tf.  StameOB.. Ft^  Ul.  P«po  of 

the  i-qainliig  Cncnruber  lErbalHum  o/ldnariiia),  lUictaugllig  Iti  igalt. 

and  either  prostrate  or  olimbing  bj  means  of  tendrils.  Ltana 
succulent,  ^temate,  with  a  radiate  venation  (^fig.  305),  more  or 
leas  scabrous.  FW«i'<  unisexual  (Jigt.  949  and  960),  monoecious 
or  dioecious.     CWyji  monosepalous,  5-ioothed  {fig,  MO),  the  limb 
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sometimes  obsolete,  superior  in  the  female  flowers  (Jig,  949). 
Corolla  monopetalons  (fi'js.  949  and  950),  4 — 5-parted,  acme- 
times  fringed,  with  evident  reticulated  veins,  perigynons. 
Barren  flower: — Stamens  usually  6,  epipetalous  (fig.  950,  «<), 
either  distinct,  monadelphous,  or  triadelphous  (fig.  950,  st)  in 
such  a  way  that  two  of  the  bundles  contain  each  2  stamens, 
and  the  other  but  1  stamen  ;  rarely  there  are  but  2  or  3  stamens 
present  ;  anthers  2-celled,  usually  long  and  sinuous  (fi^.  526,  {)» 
rarely  straight.  Fertile  fl^iver : — Ovary  inferior  (j^.  93^9),  1- 
celled,  or  spuriously  3-celled  from  the  projection  inwards 
of  the  placentas ;  plncentas  parietal,  usually  3 ;  om^Us  in- 
definite  or  sometimes  solitary  ;  styU  short  (fig.  949)  ;  stigmas 
thickenetl  (figs.  642  and  949,  «),  papillose,  lobed,  or  fringed. 
Fruit  a  pepo  (figs.  713  and  951),  or  rarely  a  succulent  berry. 
Seeds  more  or  less  flattened,  usually  with  a  leathery  or  homy 
testa,  solitary  or  numerous  ;  embryo  flat,  without  albumen  ; 
cotyle'iom  leafy  ;  radicle  towards  the  hilum. 

This  order  is  sometimes  placed  amongst  the  Oorolliflorse  on 
account  of  its  monopetalous  flowers,  but  its  affinities  are  so 
essentially  with  the  epigynous  Calyciflorw,  that  we  have  placed  it 
here  in  accordance  with  De  CandoUo's  views,  and  those  of  most 
other  botanists. 

Duignosis. — Herbs,  usually  of  a  succulent  nature.  Leaves 
rough,  alternate,  radiate  veined.  Flowers  unisexual.  Calyx  5- 
toothed  or  obsolete,  superior.  Corolla  monopetalous,  perigynous. 
Sterile  flower  with  usually  5  stamens,  which  are  distinct,  mon- 
adelphous, or  triadelphous,  and  epipetalous  ;  rarely  there  are  but 
2  or  3  stamens  ;  anthers  long  and  usually  sinuous.  Fertile 
flower  : — Ovary  inferior,  with  parietal  placentas  ;  stvle  short ; 
stigmas  more  or  less  dilated.  Fruit  succulent.  Seeds  flat,  ex- 
albuminous,  cotyledons  leafy. 

Division  of  the  Order  and  Examples  of  the  Genera. — This  order 
has  been  divided  into  three  sub-orders  as  follows  : — 

Sub-order  1.  Nhandirohex. — Anthers  not  sinuous.  Placentas 
projecting  so  as  to  meet  in  the  centre  of  the  fruit.  Seeds 
numerous.     ExAmples: — JoUiffia,  Feuillfea. 

Sub-order  2.  Cncurbitex. — Anthers  sinuous.  Placentas  pro- 
jecting so  as  to  meet  in  the  centre  of  the  fruit.  Seeds 
numerous.     Examples  : — Bryonia,  Ecballium,  Cucumis. 

Sub-order  3.  Si^eee. — Placentas  not  projecting.  Seed  solitaiy, 
pendulous.     Examples: — Sicyos,  Sechium. 

Distribution  ai\d  Numbers. — Natives  principally  of  hot  cli- 
mates in  almost  every  part  of  the  world,  but  especially  abun- 
dant in  the  East  Indies.  One  species  only  occurs  in  the  British 
Islands,  Bryonia  dunca.     There  are  about  350  species. 

Properties  aaid  Uses. — An  acrid  bitter  purgative  property 
if  the  chief  oharacteristic  of  the  plants  of  this  order ;  tail  if 


CUCUBBITACEL£.  646 

« 
posaessed  more  or  less  by  all  parts  of  the  plant,  but  it  is  es- 
pecially evident  in  the  pulp  surrounding  the  seeds  :  the  seeds 
themselves  are,  however,  usually  harmless.  In  some  plants  this 
acridity  is  so  concentrated  that  they  become  poisonous ;  while 
in  other  cases,  and  especially  from  cultivation,  it  is  so  diffused 
that  their  fruit  becomes  edible.  As  a  general  rule  the  plants  of 
this  order  should  be  regarded  with  suspicion. 

Bryonia  dioica. — The  fresh  root  is  8old  by  herbalists  under  the  namefl  of 
White  Bryony  and  Mandrake  root;  but  the' true  Mandrake  root  is  derived 
from  Mandragora  officinalis.  (Sec  Mandrugora.)  It  acls  violently  as  an 
emetic  and  purgative,  but  in  large  doses  it  is  poisonous.  I'he  root  h  also 
employed  as  an  external  application  to  bruised  parts.  The  young  shoots 
when  boiled  are  eaten  as  Asparagus. — B.  alba,  B.  amtricana^  and  B. 
africana  have  similar  properties.  The  root  of  B.  epigcta  is  employed  by  the 
natives  in  India  as  an  alterative  in  syphilis,  and  other  affections.  It  is  also 
reputed  to  be  a  powerful  remedy  in  snake  bite^. 

dtruilus  (Cucumia)  Coiocynthis.  The  Bitter  Cucumber  or  the  Bitter 
Apple. — This  plant  is  supposed  to  be  the  wild  mne  of  the  Old  Testament, 
the  fruit  of  which  is  translated  in  our  version  wild  gourd  (2  Kings,  iv.  39). 
This  fruit,  which  in  commonly  known  as  the  Bitter  Apple  or  Colocynth^  Is  a 
powerful  hydragogue  cathartic,  and  in  excessive  dfoses  it  is  an  irritant 
poison.  It  owes  its  properties  to  a  bitter  glucoside  called  culocynthin.  Two 
kinds  are  known  in  commerce,  viz. :  Peeled  Colocynth^  which  is  chiefly 
imported  from  Spain  and  Svria;  and  Mogadore  or  Unpeeled  Colocynthy 
which  is  obtained  from  Mngat^ore.  The  former  is  the  official  and  best  kind. 
It  is  commonly  known  as  Turkey  Colocyntli,  but  that  imported  from  France 
and  S{>ain  is  vMimetimes  distinguished  as  French  and  Spanish  Colocynth. 
Mogadore  Colocynth  is  principally  used  by  chemista  for  their  show-bottlea. 
llie  seeds  possess  the  purgative  property  to  a  slight  extent,  but  the  pulp  is 
by  far  the  more  active  part  of  the  fruit.  In  parts  of  Africa,  more  especially 
in  the  Sahara,  the  seeds  form  an  article  of  food. 

Cvcitmiit. — The  fniit  of  CucMwis  sativua  is  the  Cucumber ;  that  of  C. 
Melo  is  the  Melon. — C.  trigonus  and  C.  Hardteickii,  both  of  which  are 
natives  of  the  East  Indies,  are  reputed  to  be  purgative,  like  the  true  official 
colocvnlh. 

Cucurbita. — The  fruits  of  several  speciea  or  varieties  are  used  as  articles 
of  food.  Thus  the  fruit  of  C.  CitruUua  is  the  Water-melon  ;  that  of  C.  Pepo 
the  White  Gdurd  or  I'umpkin  ;  that  of  C.  Melapepo  the  Squash  ;  and  that  of 
C.  avifera  auccada  is  the  Vegetable  Marrow.  The  fruit  of  some  other  species 
or  varieties  of  Cucurbita  are  also  eaten.  The  seeds  of  the  Pumpkin  possess 
valuable  anthelmintic  prop(>rties  in  cases  of  ta)»e-worm  ;  the  expressed  oil  is 
also  reputed  to  be  e<iuilly  effectual.  By  some  the  fresh  seeds  are  preferred. 
The  seeds  of  the  so-called  C.  maxima^  Duch.,  or  Red  Gourd,  have  similar 
properties ;  this  plant  is,  however,  only  another  form  of  C.  P^m^  and  in 
Bentley  andTrimen's  *  Medicinal  Plants,'  both  plants  are  treated  of  under  C. 
Pepo,  The  seeds  of  the  Water-melon  and  other  species  also  possess  diuretic 
properties.  An  oil  called  Egua^  by  the  inhabitants  of  Yorruba  in  Africa, 
and  which  is  largely  used  by  them  for  dietetic  purposes,  and  also  as  a 
medicine,  is  supposed  to  be  derived  from  one  or  more  species  of  Cucurbita. 
This  oil  is  also  well  adapted  for  burning,  and  for  the  lubrication  of  machinery. 

EcbalHum  ojfficinarum  or  £laterium  {Momordiea  Elaterium)  is  commonly 
called  the  Squirting  Cucumber,  from  the  fruit  separating  when  ripe  from 
the  stalk,  and  expelling  its  seeds  and  juice  with  much  violence  {fig,  951). 
The  sediment  from  the  juice  of  the  nearly  ripe  fruit,  when  dried,  constitutes 
the  official  Elaterium  of  the  British  Pharmacopceia.  In  doses  of  from  ^f  to  ^ 
of  a  grain,  when  pure,  it  is  a  powerful  hydragogae  cathartie.    It  owes  its 
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ropertiea  to  a  white  crystaliine  extremely  bitter  principle  calted  EltUeriiu 
n  improper  doses  elaterium  is  an  irritant  poison. 

FtuiUma  cordifolia  has  intensely  bitter  seeds,  which  are  violently  pnrf^ 
tive  and  emetic;  thus  forming  a  striking  exception  to  the  generally 
harmless  properties  of  Cucurbitaceous  seeds.  The  rruit  is  reputed  to  act  as 
an  antidote  to  poisoning  by  strychnia.    (See  Strychnns,) 

JoU{ffia  africana  (  Telfairia  pedata). — The  seeds  yield  bv  expression  a 
ver}'  good  oil,  resembling  that  ootained  from  Olives.  They  nave  a  flavour 
like  almonds,  and  are  eaten  in  Africa.  They  have  been  imported  into  this 
country  on  account  of  their  oil. 

Lagenaria  vuIgarU  is  commonly  called  the  Bottle  Gourd,  fh>m  its  hard 
pericarp  being  used  as  a  receptacle  for  containing  fluid.  The  seeds  are 
purgative. 

Luffa. — L.  purffans  and  L.  drastica. — The  fruit  of  these  plants  is  violently 
purgative.  It  i«  commonly  called  American  Colocvnth.  The  fruit  of  other 
species  has  similar  properties.  The  fruit  of  Luffa  fatida  is  termed  the 
Sponge  Gourd,  as  it  consists  of  a  mass  of  fibres  entaingled  together ;  it  is 
employed  for  cleaning  guns,  and  other  analogous  purposes.  The  dried 
fibrous  part  of  the  fruit  of  Luffa  aegyptiaca  is  used  in  bath  rooms  by 
Egyptian  ladies  to  produce  smoothness  o^  skin.  It  is  commonly  known 
as  the  Towel  Gourd  ;  and  these  fruits  ma^  now  be  met  with  in  this  country 
under  the  name  of  *  Loofahs.*  An  infusion  of  the  fresh  stalks  and  leaves 
of  Luffa  anuura,  an  Indian  species,  is  said  to  be  useful  in  aflfections  of  the 
spleen.    It  possesses  bitter  tonic  and  diuretic  properties. 

Sechium  edule. — The  green  fruit  is  commonly  eaten  in  hot  countries.  It 
is  called  Chocho  or  Chacha. 

Trianosperma  {Bryonia)  ficifolia  is  the  source  of  the  celebrated  remedy 
known  by  the  natives  of  the  Argentine  Republic  as  tayuru,  and  in  Brazil  as 
Leroy  vepetaL  It  is  said  to  possess  powerful  emetic  and  cathartic  pro- 
perties. 

TrichoMxnthea  anguinea  is  the  Snake  Gourd. — ^The  fruits  of  this  and  some 
other  species  are  eaten  in  India  mixed  with  curries ;  but  others  are  reputed 
to  possess  poisonous  properties. 

Natural  Order  100.  Loasaceje. — The  Chili  Nettle  Order. — 
Character. — Herbaceous  plants y  with  stiflf  hairs  or  sting- 
ing glands.  Leaves  without  stipules.  Calyx  superior,  4  or 
6-parted,  persistent.  Petals  6  or  10,  in  2  whorls,  often 
hooded.  Stamens  numerous,  in  several  whorls,  either  distinct 
or  united  in  bundles.  Ovary  inferior,  1-celled,  with  several 
parietal  placentas,  or  1  axile  placenta  ;  style  1 ;  ovtdes  pendulous, 
anatropous.  i^Vuit  capsular  or  succulent.  /Seects  having  an  embiyo 
lying  in  the  axis  of  fleshy  albumen. 

SistributioHj  Examples,  and  Numbers. — Tliey  are  all  natives 
of  North  and  South  America.  JExa/mples  of  the  Genera : — Bartonia, 
Loasa.     There  are  about  70  species. 

Properties  and  Uses. — Some  of  the  species  are  remarkable  for 
their  stinging  glands ;  hence  their  common  name  of  Chili  Nettles. 
Several  species  are  cultivated  on  account  of  the  beauty  of  their 
flowers.  A  Mexican  species,  Mentxelia  hispida,  is  reputed  to 
possess  a  pu^:*gative  root. 

Natural  Order  101.  Homaliace^. — The  Homalium  Order.— 
Characte r. — Trees  or shnihs  with  alternate  leaves.  Calyx supe* 
rior,  funnel-shaped,  with  from  5 — 15  divisions.  Petols  equal  in 
number  to,  and  alternate  with,  the  divisions  of  the  calyx.  Stamtns 
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oppoaite  to  the  petals  and  insertod  on  them,  either  distinct  or 
inbundleaof  3  or  6.    Unary  inferior,  1-celled  ;  pla«<ntai  parietal  ; 
miUti  numerouB,  penduloiu  ;  siyUa  3—5.      Fruit  a  capaule  or 
berry.    Sudi  Bitiall  ;  tmltryo  in  the  axis  of  a  little  fleahy  albumen. 
DUtribiUum,  Exaiytlta,  and  N»mber». — The;  an  nativea  of 
the  tropical  parts  of  Iixiia,  Africa,  and  America.     Examj^i  of 
the  Qenera : — Homalium,  Trimeria.     There  are  about  38  tip«cies, 
PropertUa  and  E/jeji.^Sonie  species  of  Homalium  are  astrin- 
gent, but  nothing  is  known  of  the  properties  of  the  other  genera- 
Natural  Order  102.      OAtTACR.*.— The  Cactus  or  Indian  Fig 
Order.^Character. — Succulent  planti,  which  are  nsually  spiny 
and  leafless.     Stems  globular,  columnar,  flattened,  or  3  or  more 
angled,  and  altogether  presenting  a  peculiar  and  irregular  ap- 
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pearance.  Floxcen  sessile.  Sepol*  and  pttaiM  usually  n_ 
Xfig.  953)  and  scarcely  distinguishable  from  each  other  ;  or  rarely 
4  ;  epigynous  {fig.  952).  Stamen*  niimeroug  (Ji^t.  952  and  953), 
with  long  filaments  and  versatile  anthers,  (hary  inferior  {fig. 
962),  fleshy,  1-celled,  with  parietal  placentas  (/</.  fi26);  dyUi; 
stujimu  several.  Frvit  succulent,  Seeda  numerous,  parietal  or 
imbedded  in  the  pulp,  without  albiimen. 

Z>i<<rifru(ioji,  Examples,  and  .JTiiirthtij.^ Natives  exclusively 
of  the  tropical  ri^ions  of  America.  ExarapUa  ^  the  OejKra : — 
Melocactus,  Mammillaria,  Cereus,  Opuntia.  There  are  about 
800  supposed  species. 

Propertiei  and  Use*. — The  fruit  of  many  species  is  someirhat 
acid  and  agreeable,  and  is  useful  in  febrile  complaints.  The 
fleshy  stenis  of  the  Melon  Cactus  (Mefoeo^fui)  are  eaten  by  cattle 
on  account  of  their  juice,  in  the  dry  districts  of  South  America. 
Many  species  of  Ocrevs,  Epipkyllum,  Phylhcaetut,  &c.,  are  cul- 
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tivated  on  account  of  {heir  showy  flowers.  Some  spedeA  of 
Cereus  open  their  flowers  at  night ;  they  are  remarkable  for  their 
size,  some  being  as  much  as  1  foot  in  diameter. 

Opuntia. — O.  vulgaris. — ^The  fruit  of  this  plant  is  the  Prickly  Pear, 
which  is  much  eaten  in  America  anil  the  South  of  Europe,  and  is  now  com- 
monly imported  into  this  country,  and  used  as  a  dessert  fruit.  It  is  not, 
however,  much  esteemed.  The  Ifruit  of  O.  Tuna  is  of  a  carmine  colour,  and 
has  been  employed  as  a  water-colour. — O.  cochinitliferaf  the  Nopal  Plant,  is 
cultivated  in  Mexico,  Teneriflfe,  ^c,  for  the  nourrahment  of  the  Cochineal 
Insect  {Coccus  Cacti)  ;  the  dried  female  forming  the  Cochineal  of  commerce. 

Natural  Order  103.  Grossulariace^. — The  Gooseberry  or 
Currant  Order. — Character.— 5?iru5«  with  (fig.  37D)  or  with- 
cmt  spines  or  prickles.  Leaves  alternate,  lobed,  radiate-veined. 
Flowers  axillary,  racemose,  perfect  or  rarely  unisexual.  Calyx 
superior,  4 — 6-lobed.  Petals  5,  minute,  inserted  on  the  calyx. 
Stamens  5,  perigynous,  alternate  with  the  petals.  Ova/ry  in- 
ferior, 1-celled,  with  2  parietal  placentas  (^.  710,  pi).  JFViiii 
a  berry  {fi^s.  710  and  711).  Seeds  numerous ;  embryo  minute,  in 
homy  albumen. 

Distrilyiitionf  Examples,  and  Numbers. — Natives  of  the  tem- 
perate regions  of  Europe,  Asia,  and  North  America.  Examples 
of  the  Genera: — Ribes,  Polyosnia.  These  are  the  only  genera; 
which  include  about  100  species. 

Properties  and  Uses. — Some  are  showy  garden  plants,  as  Ribes 
fncJmoides,  R.  sang^iinenm,  B.  attreum^  R.  coccine^im ;  but 
they  are  chiefly  remarkable  for  their  agreeable  acid  fruits.  Thus, 
the  fruit  of  Ribes  Orossidaria  is  the  Gooseberry  ;  R.  nibrum  and 
its  varieties  yield  both  Red  and  White  Currants  ;  and  R.  nigrum 
is  the  Black  Currant. 

Natural  Order  ItH.  EscALLONiACEa«.— The  Escallonia Order. 
— Character. — Evergreen  shnihs,  with  alternate  exstipulate 
leaves,  and  axillary  showy  flowers.  Calyx  superior,  5-toothed, 
imbricate  in  aestivation.  Petals  5,  alternate  with  the  divisions 
of  the  calyx,  perigynous.  Stamens  5,  alternate  with  the  petals, 
perigynous.  Ovary  inferior,  2 — 5-celled,  crowned  by  a  cone- 
shaped  disk  ;  pUicentas  axile  ;  style  simple  ;  stignuis  2 — 5-lobed. 
Fruit  capsular  or  baccate,  crowned  by  the  persistent  style  and 
calyx.  Seeds  very  numerous,  minute  ;  embryo  minute,  in  a  mass 
of  oily  albumen. 

Distributionf  Examples,  and  Numbers. — They  are  chiefly 
natives  of  the  mountains  of  South  America.  Examples  of  the 
Genera : — Escallonia,  Itea.     There  are  above  60  species. 

Proverties  and  Uses. — Unknown. 

Natural  Order  106.  Philadelphace.«.— The  Syringa  Order. 
— C  haracter.  — Shrubs.  Leaves  opposite,  deciduous, exstipulate. 
Calyx  superior,  persistent,  4 — 10-lobed,  with  a  valvate  {estiva- 
tion. Petals  equal  in  number  to  the  divisions  of  the  calyx,  and 
alternate  with  them.    Stamens  numerous,  perigynous.     Ovary 
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inferior ;  ityUt  united  or  diitinct ; 

inferior,   4— ID-celled,  j^acenlas  axJe.     Sudt  numeroiu,   with 

Betky  albumen. 

IHtlrilnttuia,  E^tmpUi,  and  .Vtimfetri. — Natives  of  the  South 
of  Europe,  Nortli  America,  Japiui,  uid  India.  Examjpltt  of  (Ac 
Qtnera: — Fhiladelphus,  Deutzia.     There  &re  about  25  apedes. 

Properliet  mid  U»tt. — Of  little  importance. 

Vfilzia.—The  leaves  of  •ome  species  of  DaUtia.  especislly  those  af  D. 
itabra,  *n  covered  witli  beautiful  iwjilei,  beace,  from  Uten  rougbneae,  they 
aie  uwd  in  Japsn  for  polishini-  purpoiKt. 

Fkiladttplna  enrmuthui  in  commonlv  cuttivatsl  in  our  ehrubbcries.  It 
19  a  nMive  of  Lhe  Suiittt  of  Europe.  It  u  Eeneiill}'  known  u  die  Siyrinaa ; 
or  in  America  aa  the  Hock  Orange,  from  ito  Howen  nmewbit  resembling 
the  Orange  In  appearance  and  oilour.  This  oclour  ii  due  Ui  the  presence  3 
3  volatile  oil,  which  may  ke  readily  obtained  from  them  by  diatillation 
with  water.   The  leaves  have  a  Havoui  and  odour  rewmblingtheCucumber. 

Natural  Order  106.  Mirt*ce.i.— The  Mjrrtle  Order.— 
Character.  — TrfM  or  ihrubi.  Ltata  oppoaite  or  alternate, 
entire,  exstipulate  {jiy.  954),  usually  dotted,  and  haviitg  a  vein 
running  just  within  the  margin. 
C<A^  iuperior  (Jig.  468),  4  or  5- 
cleft,  valvate,  sometimes  Benara- 
ting  in  the  form  of  a  cap.  retail 
4— &  {fig.  964),  imbricate,  rarely 
absent.  Stamem  usually  8—10, 
nr  numerous  (Jigi.  458  and  954), 
or  rarely  4 — 6 ;  filamtnU  distinct 
or  polyadelphous.  Omiry  inferior 
(/iff.  458),  1-6-celled ;  riy/e  and 
digma  simple  (Jigi.  458  and  954); 
placentat  azile  (jig.  458),  or  very 
rarely  parietal.  Fruit  dry  or 
succulent,  dehiscent  or  indehiB' 
cent.  Sttda  without  albumen, 
usuaUy  numerous. 

Divition  of  the  Order  and  Em- 
impfea  of  the  Geiiera: — The  order 
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Tribe  1.  Levtoipermea.  Fruit  cap- 
sular. ExamfAes: — Melaleuca, 
Leptospermum. 

Tribe  2.  Myrtta. — Fruit  baccate.     Exampla  :—P\uacik,  Myri,u». 

Dirir  ibirf  ion  ami  JV«miers.— Natives  of  the  tropics  and  of  the 
wanner  parts  of  the  temperate  zones.  MyrUu  wmnmnis,  the 
common  Myrtle,  is  the  most  northern  species  of  the  ord«r. 
This  plant,  although  now  naturalised  in  the  South  of  Europe,  iw^ 
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originally  a  native  of  Persia.    There  are  about  1320  speciefl 
belonging  to  this  order. 

Properties  and  Uses. — These  plants  are  generally  remarkable 
for  aromatic  and  pungent  properties,  which  are  due  to  the 
presence  of  volatile  oils.  Many  of  these  oils  have  been  used  in 
medicine  as  stimulants,  aromatics,  carminatives,  diaphoretics,  or 
antispasmodics  ;  and  also  in  perfumery.  The  dried  flower-buds 
and  unrix>e  fruits  of  some  species  are  in  common  use  as  spices. 
Other  plants  of  the  order  are  astringent,  and  some  secrete  a 
saccharine  matter.  The  fruits  of  some  having  a  sweetish  acidu- 
lous taste  are  edible.     Many  are  valuable  timber  trees. 

CatyovhyiiuM  aromaticuM  or  Eugenia  caryophyllatat  is  the  Clove-tree. — 
The  dri^d  6ower-buda  constitute  the  clovei  of  commerce,  which  are  bo  well 
known  as  a  spice ;  and  in  medicine,  for  their  aromatic,  stimulant,  and  car- 
minative properties.  Their  properties  are  essentially  due  to  the  presence  of  a 
volatile  oil.  Tlie  dried  unripe  fruits  are  called  mother  cloven  ;  they  are  used 
in  China  and  other  countries  as  a  spice,  and  are  occasionally  imported  into 
this  country.  They  are  very  inferior  to  the  ordinary  cloves  ;  which  are  offi- 
cial in  the  British  Pharmacopoeia.  The  dried  flower  stalks  are  also  sometimes 
used  as  a  spice  instead  of  Cloves.  They  are  commonly  known  as  Clote 
StalkSf  and  by  the  French  as  Uriffea  de  Girofle. 

Eucalyptu*. — E.  retinifera^  the  Iron  Bark-tree,  a  native  of  Australia 
and  Van  Diemea's  Land,  and  seve«*al  other  species,  yield  an  astringent 
substance,  calhd  Eucalyptus  or  Botany  Bay  Kino.  This  kino  re- 
sembles in  its  properties  the  oflicial  catechu  and  kino,  and  may  be  used 
for  similar  purposes.  Its  principal  constituent  is  kino-tannic  acid.  Ihe 
leaves  of  E.  mannifera,  E.  vitninalis^  and  probably  other  species  natives  of 
Australia,  spontaneously  exude  a  saccharine  substance  resembling  manna, 
which  is  therefore  commonly  termed  Australian  Manna.  As  this  exudes, it 
hardens,  and  drops  from  the  leaves  on  to  the  ^ound  in  pieces,  whiirh  are 
sometimes  as  large  as  an  almond.  The  products  of  the  Eucalypti  are 
commonly  of  ajeummy  nature,  and  hence  they  are  called  Gum-trees  in  New 
Holland. — E,  -Globulus. — Various  prepartitiops  of  the  leaves  and  hark  of 
this  tree  have  been  lately  introduced,  and  recommended  as  valuable  remedies 
in  intermittent  fevers,  and  so  many  medical  practitioners  have  borne  testi- 
mony to  their  value  in  such  cases,  that,  allowing  for  exaggeration,  their  use 
must  be  beneficial ;  but  their  antiperiodic  properties  are  very  inferior  to  thoee 
of  the  cinchona  barks,  none  of  the  alkaloids  of  which,  as  proved  by  BroughtoD, 
they  contain.  The  leaves  and  bark  have  also  been  recommended  as  useful 
in  many  other  ways.  Thus  the  leaves  of  this  species,  as  well  as  those  of 
E.  citriodorat  E.  amygdalinus^  and  others,  yield  by  distillation  vcdatile 
oils,  some  of  which  have  been  used  in  perfumerv,  and  for  various  other  afie> 
ful  purposes  in  the  arts,  &c.  The  leaves  of  E.  amygdalinus  yield  more  oil 
than  any  other  species.  The  timber  of  E.  Globulus^  and  many  other  species, 
is  very  valuable  owing  to  its  solidity,  hardness,  durability,  Ac,  and  also  fhNn 
the  great  length  of  the  planks  that  may  be  obtained  from  it.  The  bark  of 
it,  and  other  species,  is  also  useful  for  tanning  and  dyeing  ;  and  the  ashes  of 
the  wood  are  also  remarkable  for  the  large  proportion  of  potash  thex'  oontaiiL 
But  important  as  are  the  products  obtainable  from  the  E,  Globmlusj  it  has 
been  brought  more  especially  into  notice  on  account  of  the  influence  that 
plantations  of  this  very  rapid  growing  tree  exert  in  improving  miasmatic 
climates  by  destroying  the  paludal  miasm  which  causes  fever  m  malarious 
districts,  and  by  draining  the  ground,  from  which  circumstance  it  baa  been 
called  the  fever-destroying  tree.  The  bark  of  certain  species  separates  in 
Abrous  layers,  which  has  occasioned  them  to  be  called  Stringy-bark  trees  or 
Striagy'wrk  Gum-trees.    These  trees  are  sometimes  of  a  prodigious  height 
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— 350  feet  or  more,  and  100  feet  in  circamference,  the  trunks  beinf?  destitute 
of  branches  to  a  height  of  from  100  to  200  feet  The  bark  of  E.  Mitpta  and 
several  other  species  is  said  by  Baron  Mueller  to  be  useful  for  making  good 
packing  and  printing  paper.  Good  writing  paper  may  also  be  made  from 
the  bark  of  E.  obliqua. 

Eugenia. — E.  Pimento  {Pimenta  officinalit)  is  the  Common  Allspice. — 
The  dried  unripe  fruit  is  our  official  Ptmento.  It  is  also  known  as  Jamaica 
Pepper^  or  more  commonly  as  Allspice  (from  its  flavour  combining  that  of 
Cinnamon,  Cloves,  and  Nutmegs).  It  is  used  as  a  spice,  and  in  medicine,  in 
similar  cases  to  cloves.  Its  properties  are  chiefly  due  to  the  presence  of  a 
volatile  oil. — E.  acris.  Pimento  acris,  or  Myrcia  acris^  is  commonly  known 
under  the  names  of  Wild  Clove  and  Bay-berrv.  It  is  the  source  o^  the  offi- 
cial Spirit  of  Myrcia  or  Bay-rum  of  the  United  States  Pharmacopoeia. 
Bay-rum  is  employed  as  a  perfume  in  faintness,  and  various  nervous  affec- 
tions, &c.,  and  also  in  the  preparation  of  hair-wash  ^  The  Rtue-Amlet  of 
the  East,  which  are  much  esteemed  as  dessert  fruits,  are  the  produce  of 
various  species  of  Eugenia ;  the  more  important  are  E.  maloecenai*  and 
E.  Jambos,  In  Brazil,  the  fruit  of  E,  cauiiflora,  the  Jabuticaba,  is  also 
much  esteemed.  The  leaves  of  E.  Ugni  are  used  in  Chili  as  a  substitute  fur 
Paraguay  Tea.  The  plant  has  been  introduced  into  this  country  on  account 
of  its  fruit,  but  not  with  any  great  success. 

Gtaphyria  nitida  is  call^  by  the  Malays  the  Tree  of  Long  Life.  It  is 
also  known  as  the  Tea  plant  from  its  leaves  being  used  as  tea  at  Bencoolen. 

Leptotpermum. — The  leaves  of  L.  scoparium  and  L.  Thea  are  employed 
in  the  Australian  colonies  as  a  substitute  for  China  tea. 

Melaleuca  minor  or  M.  Cajuputi. — The  leaves  when  allowed  to  stand  so  as 
to  undergo  a  species  of  fermentation,  and  then  distilled  with  water,  yield  a 
volatile  oil  of  a  very  limpid  nature  and  light  green  colour,  called  Uajnput 
Oil,  which  is  officiiU'in  the  British  Pharmaoopoeia.  This  was  formerly  much 
employed  as  a  remedy  in  cholera,  but  without  any  evident  success.  It 
has  been  used  internally  as  a  diffusible  stimulant,  antispasmodic,  and  dia- 
phoretic ;  and  externally,  when  mixed  with  olive  oil,  or  dissolved  in  rectified 
spirit,  as  a  stimulant  embrocation  in  rheumatism,  neuralgia,  dec.  This  oil 
has  the  property  of  dissolving  caoutchouc.  In  Australia,  the  leaves  of  M* 
Mcoporio  and  M.  genittifolia  are  used  as  substitutes  for  China  tea. 

Metrotideros. — M.  scondens^  the  Aka  of  New  Zealand,  and  other  species, 
afford  valuable  timber.  The  clubs  and  weapons  of  the  South  Sea  Islanders 
are  made  from  species  of  this  genus. 

Myrtus  communiM,  the  Common  Myrtle. — The  dried  flower-buds  and  the 
unripe  fruit  were  used  as  spices  by  the  ancients,  and  are  still  so  employed 
in  Tuscany.  By  distillation  with  water,  the  flowers  form  a  very  agree- 
able perfume,  known  in  France  as  Eau  d'Ange.  The  leaves  of  M.  Chekan 
under  the  name  of  Chekan,  have  long  been  used  in  Chili  as  an  aromatic 
astringent,  and  have  recently  been  found  in  commerce. 

Pndium. — Various  species  or  varieties  of  this  genus  vield  excellent  dessert 
fruits,  which  are  commonly  known  under  the  name  of  (htava$.  Of  this  fruit 
the  natives  of  the  West  Indies  make  several  kinds  of  preserves,  as  Guava 
jelUfy  ttewed  GuarOj  Quake-pear^  and  Marmalade.  The  more  important 
are  P.  pyriferum  and  P.  pomiferum.  The  bark  of  these  plants  also  possesses 
astringent  properties.   Both  plants  are  found  frequently  in  tropical  countries. 

Punica  Granatum,  the  Pomegranate,  is  repeatedly  referred  to  in  the 
Bible.  It  is  the  rimmon  of  the  Bible,  and  the  rooman  of  the  Arabs.  This 
plant  is  by  some  botanists  regarded  as  the  type  of  a  distinct  order,  which 
IS  named  Granatem,  while  by  Bentham  and  Hooker  it  is  placed  in  Lythra- 
oeae.  We,  however,  retain  it  as  an  anomalous  genus  of  the  Myrtacee,  as  its 
affinities  are  commonly  regarded  as  most  nearly  allied  to  the  plants  of  this 
order.  The  leaves,  the  flowers,  and  the  fruit  were  all  used  by  the  ancients 
for  their  astringent  properties,  and  the  juice  of  the  fruit  in  the  fomuUion  oC 
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cooling  drinks,  on  account,  of  iU  acidulous  taste.  The  flowers  and  fruit  are 
still  employed  in  the  £ast.  The  flowers  are  the  Balauttitm  of  the  ancienfa, 
whence  their  common  name,  balaustina  floKtrs.  The  rind  of  the  fruit,  and 
the  bark  of  the  root,  are  the  parts  now  commonly  used  as  medicinal  agents  in 
this  countr}^ ;  but  the  latter  is  alone  oflicial  in 'the  British  Pharmacop<eia. 
These  are  employed  for  their  astiincent  properties,  and  the  latter  is  also 
commonly  regarded  as  a  valuable  anthelmintic ;  the  fresh  bark  is  prefened 
by  some,  but  apparently  without  any  good  reason.  The  properties  of  the 
Pomegranate  are  principally  due  to  tannic  acid,  but  also  partly  to  gallic  add. 
The  ^rk  of  the  root  has  been  recently  proved  by  Tanret  to  contain  a 
volatile  alkaloid,  which  is  evidently  its  most  important  active  principle ; 
this  be  has  named  peUeUriana. 

Sizygium  Jambolanum, — The  bark  is  employed  in  the  East  Indies  as  a 
useful  astringent  in  chronic  diarrhoea  and  dysentery. 

Natural  Order  107.  Lecythidace^. — The  Brazil-Nut  or 
Monkey-Pot  Order. — Character. — Large  tree^,  with  alternate 
dotless  leaves,  and  amall  deciduous  atipiUea.  Flowers  large  and 
showy.  Calyx  superior.  Petals  6,  imbricate,  distinct  or  some- 
times united  at  the  base.  Stamens  numerous,  epigynous ;  some 
of  them  cohering  so  as  to  form  a  unilateral  petaloid  hooded  body. 
Ovary  inferior,  2  to  6-celled  ;  pUiceiUas  axile.  Fn^it  woody, 
either  indehiscent  or  opening  in  a  ciroumscissile  manner  {fig, 
680).     Seeds  several,  large,  and  without  albumen. 

Distrihutimiy  Examples,  and  Numbers. — Principally  natives  of 
Guiana  and  Brazil,  and  also  occasionally  of  other  hot  regions  of 
South  America.  Examples  of  the  Genera: — Lecythis,  Berthol- 
letia.     There  are  about  40  species. 

Properties  and  Uses. — These  plants  are  chiefly  remarkable  f<Nr 
their  large  woody  fruits,  the  pericarps  of  which  are  used  is 
drinking-vessels,  and  for  other  purposes.  Their  seeds  are  fre- 
quently edible. 

BerthnUetia  exce/suy  Berg,  B.  nobility  Miers,  the  Brazil-Nut  Tree. — ^The 
seeds  constitute  the  edible  nuts  known  as  the  Brazil,  Juvia,  Castanha,  or 
Para  Nuts.  As  many  as  100,000  bushels  are  annually  imported  into  this 
country  from  Brazil.  An  oil  is  obtained  by  expression  from  these  seeds, 
which  is  used  by  artists  and  watchmakers.  The  laminated  inner  bark  is 
valuable  for  the  caulking  of  ships  and  barges. 

Lecythis. — The  seeds  of  L.  zabucayo  of  Hooker,  L.  ollaria  of  Spruce,  are 
large  and  edible,  and  are  termed  Sapucaya  nuts.  They  are  now  ctmimciily 
sold  in  our  fruit  shops,  ai.d  are  certainly  t^uperior  in  flavour  to  the  ondinarr 
Brazil  nut^.  The  bark  of  Ihis  plant  may  be  separated  into  thin  PAPOT 
layers,  which  are  used  by  the  Indians  as  wrappers  for  their  cigarettes.  The 
fruits  of  this  and  other  species  have  been  called  Monkey-pots  on  account  of 
their  peculiar  form. 

Natural  Order  108.  CHAMiELAUciACEiE. — The  Fringe-Myrtle 
Order. — Dia<jnosis. — This  is  a  small  order  of  shrubby  plants 
with  evergreen  dotted  leaves,  and  nearly  allied  to  Afyrfocear,  but 
distinguished  from  them  by  their  Heath-Uke  aspect,  their  more 
or  less  pappose  calyx,  and  by  their  truly  simple  1-celled  ovary. 
From  Lecythidacea  they  are  at  once  known  by  their  habit,  their 
dotted  ezstipulate  leaves,  and  1 -celled  ovary. 

iHstrilnitiofiy  Examples,  and  Numbers, — Exduaively  Bativtt 
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of  AuBtralia.     Examples  of  the  Genera: — Cbamaolauciuin,  Dar- 
winia.     There  are  above  50  species. 

Propertie»  and  Uses. — Unknown. 

Natural  Order  109.  Barringtoniace^. — The  Barringtonia 
Order. — Diagnosis. — This  is  a  small  order  of  plants  usually 
placed  among  the  Myiiacex,  but  Lindley  considers  them  as  quite 
distinct  from  that  order  in  the  following  particulars  ;  namely, 
the  presence  of  a  large  quantity  of  albumen  in  their  seeds,  and 
in  their  having  alternate  dotless  and  often  serrated  leaves. 
Thomson  has,  however,  proved  that  the  seeds  are  exalbuminous, 
so  that  the  characters  separating  them  from  Myrtacea)  are 
very  slight  indeed.  But  another  character  of  distinction  is  to  be 
found  in  the  aestivation  of  the  calyx  in  the  two  orders  respec- 
tively ;  thus  in  that  of  Myrtacese  it  is  valvate,  while  in  Bar- 
ringtoniacece  it  is  imbricate. 

Distribution,  Examples^  and  Numbers. — Natives  of  tropical 
regions  in  all  parts  of  the  world.  Examples  of  tlie  Genera : — 
Barringtonia,  Gustavia. 

Properties  and  Uses. — The  bark  of  Stratadium  racemosum  is 
reputed  to  be  febrifugal,  and  the  root  bitter,  aperient,  and  acrid. 
The  fruit  of  Careya  arborea  is  eaten,  while  that  of  Gusiavia 
brasiliana  is  emetic,  and  produces  an  intoxicating  effect  upon 
fish.  Generally  the  plants  of  the  order  should  be  regarded  as 
somewhat  dangerous. 

Natural  Order  110.  Belvlsiace^. — The  Belvisia  Order. — 
Character.— Shrubs.  Leaves  alternate,  exstipulate,  with  a  lea- 
thery texture.  Calyx  superior,  coriaceous,  5-parted,  and  with 
avalvate  spstivation.  Corolla  consisting  of  three  distinct  whorls 
of  united  petals.  Stamens  20,  unequally  monadelphous.  Disk 
fleshy,  and  forming  a  cup-shaped  expansion  over  the  ovary. 
Ovary  5-celled,  with  two  ovules  in  each  cell  ;  placentas  axile  ; 
style  5-angled  or  5-winged  ;  stigma  pentagonal.  Fruit  a  soft 
rounded  berry  crowned  by  the  calyx.  Seeds  large,  kidney- 
shaped,  exalbuminous. 

Distrihutum,  Exatnples,  and  Nunibers. — Natives  of  tropical 
Africa.  Examples  of  the  Genera: — Asteranthos,  Napoleona. 
TJiese  are  the  only  genera  ;  they  include  4  species. 

PropeHies  and  Uses. — Nothing  is  known  of  the  uses  of  these 
plants  except  that  the  pulp  of  their  fniitn  is  edible,  and  the 
pericarp  contains  much  tannic  acid.  They  might,  probably,  be 
used  therefore  as  astringents. 

Natural  Order  111.  SlsLASTOMACSiE.  — The  Melastoma  Order. 
— Character. — Trees,  shnibs,  or  herbs.  Leaves  opposite,  and 
almost  always  ribbed  and  dutless.  Calyx  4,  5,  or  6-lobed,  mor^ 
or  less  adherent  to  the  ovary,  imbricate.  Petals  equal  in  num- 
ber to  the  divisions  of  the  calyx,  twisted  in  sestivation.  Stamens 
equal  in  number  to,  or  twice  as  many  as,  the  petals  ;  filame^Us 
curved  downwards  in  festivation ;  anthei-s  long,  2-celled,  curiously 
beaked,  usually  dehiscing  by  two  pores  at  the  apex,  or 
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Fig.  955. 


times  longitudinally  ;  in  eestivation  lying  in  spaces  between  the 
ovary  and  sides  of  the  calyx.  Ova/ry  more  or  less  adherent, 
many-celled.  Fruit  either  dry,  and  distinct  from  the  calyx  and 
dehiscent;  or  succulent,  united  to  the  calyx,  and  indehiscent. 
Seeds  very  numerous,  minute,  exalbuminous. 

DistrUnition,  Examples^  aiid  Numbers, — They  are  principally 
natives  of  tropical  regions,  but  a  few  are  also  extra-tropical, 
being  found  in  North  America,  China,  Australia,  and  in  the 
northern  provinces  of  India.  Examples  of  the  Genera : — Mela- 
stoma,  Medinilla,  Memecylon.  There  are  about  2,000  species* 
Propei-ties  a'nd  Uses, — The  prevailing  character  of  these  plants 
is  a  slight  degree  of  astringency.  Many  produce  edible  fruits, 
and  some  are  used  for  dyeing  black  and  other  colours.  The  name 
Melastoma  is  derived  from  the  fruits  of  the  species  dyeing  the 
mouth  black.  The  leaves  of  Memecylon  tindorium  are  used  in 
some  parts  of  India  for  dyeing  yellow,  &<i.  Generally  speaking, 
the  plants  possess  but  little  interest  in  a  medical  or  economical 
point  of  view,  but  none  are  unwholesome.  A  number  of  species 
are  cultivated  in  this  country  on  account  of  the  beauty  of  their 
flowers. 

Natural  Order  112.  Onagrace.«. — The  Evening  Primrose 
Order. — Character. — Herbs  or  shrubs.  Leaves  alternate  or 
opposite,  simple,  exstipulate,  without  dots.  Calyx 
{fig,  955)  superior,  tubular,  with  the  limb  usually 
4-lobed,  or  sometimes  2-lobei  {fi.g.  777)  ;  in  aesti- 
vation valvate.  Petals  usually  large  and  showy, 
generally  regular  and  equal  in  number  to  the 
divisions  of  the  calyx  {fi>gs.  1*1*1  and  955),  twisted 
in  aestivation,  and  inserted  into  the  throat  of  the 
calyx,  rarely  absent.  Stamens  (figs.  777  and  955), 
definite,  2,  4,  or  8,  or  rarely  by  abortion  1, 
inserted  with  the  petals  into  the  throat  of  the 
calyx  ;  filaments  distinct ;  pollen  trigonal  (figs, 
568  and  570).  Ovary  inferior  (fi^,  955),  2—4- 
celled  ;  place7itas  axile  ;  styh  1,  filiform ;  stiama 
lobed  or  capitate.  Fruit  capsular,  or  succulent 
and  indehiscent,  1,  2,  or  4-celled.  Seeds  munerova^ 
without  albumen  ;  embryo  straight. 

Diagnosis. — Herbs  or  shrubs,  with  simple  exsti- 
pulate dotless  leaves.    Calyx  superior,  2 — 4-lobed, 
valvate  in  aestivation.  Petals  usually  equal  in  num- 
ber to  the  lobes  of  the  calyx,  with  a  twisted  aestiva- 
tion, or  rarely  absent.     Stamens  few,  inserted  into 
Piff.Ms.  Vertical  *^®  throat  of  the  calyx  with  the  petals.     Ovary  in- 
section  of  the   ferior,  2 — 4-celled  ;  style  simple  ;  stigma  lobed  or 
fow^iTerb'c^^^I   capitate.     Fruit  dehiscent  or  indehiscent.     Seeds 
Mrtum).     ^*    numerous,  without  albumen. 

Distributionf  Examples,  and  Numbers, — Chiefly 
Bativea  of  th|d  temperate  parts  of  North  'America  and  Europe.; 
many  are  also  found  m  lndL\&,  bwt  they  are  rare  in  Afoca, 


HALORAOACE^      COMBRETACSJB.  tM 

except  at  the  Cape.      Examples  of  the   Genera: — (Enothera, 
Epilobium,  Fuchsia,  Circaea.     There  are  about  460  species. 

Properties  and  (/ites.— Generally  the  plants  are  harmless,  and 
possess  mucilaginous  properties.  The  roots  of  (Enothera  hiefnnis 
and  other  species  are  edible.  The  fruits  of  many  FuchsUis  are 
somewhat  acid  and  good  to  eat.  Some  species  of  Jussiaa  are 
astringent. 

Natural  Order  113.  Haloraoacsjb. — The  Mare's- tail  or 
Water-Chestnut  Order. — IHa^wsis. — Herbs  or  shrubs,  generally 
aquatic.  Flowers  small  (Jig,  407),  frequently  incomplete  and 
unisexual.  They  are  nearly  allied  to  Onagracete,  and,  in  fact, 
are  merely  a  degeneration  or  imperfect  form  of  that  order. 
They  are  known  from  it  by  their  minute  calyx,  the  limb  of  which 
is  frequently  obsolete  ;  and  by  having  solitary  pendulous  seeds, 
which  have  fleshy  albumen,  or  are  exalbuminous. 

Distributumy  Examples,  ami  Numbers. — They  are  found  in  all 
parts  of  the  world.  Examples  of  the  Crenera : — Hippuris,  Trapa. 
There  are  about  70  species. 

Properties  and  Uses,  — Of  little  importance  except  for  their 
edible  seeds. 

Trapa. — This  is  a  geniis  of  floating  aquatic  plants,  remarkable  for  their 
homed  fruit  and  large  amygdaloid  seeds  with  unequal  cotyledons.  The 
seeds  are  edible  ;  those  of  "trapa  natans  are  called  Chataigne  tVEau  by  the 
ii'rench,  and  Jesuit's  Nuts  at  v'^eniee.  In  fome  parts  of  Southern  Europe 
they  are  fn'ound,  and  made  into  a  kind  of  bread. — T.  bicomia  is  called  Um 
by  the  Chinese,  and  its  seeds  are  highly  esteemed  by  them. — T,  biapinoaa  \% 
the  Singhara  Nut ;  its  seeds  are  largely  consumed  in  Cashmere  and  some 
other  parts  of  India. 

Natural  Order  114.  Combretace^ — The  Mjrrobalans  Order. 
— Character. — Trees ov shrubs.  Leaves exstipulate,  entire,  with- 
out dots.  Flowers  perfect  or  unisexual.  Catyx  superior,  with  a 
4— 5-lobed  deciduous  limb.  Petals  equal  in  number  to,  and 
alternate  with,  the  lobes  of  the  calyx,  often  absent.  Stamiens 
inserted  with  the  petals  on  the  calyx,  generally  twice  as 
numerous  as  its  lobes,  or  thrice  as  many,  or  sometimes  equal  to 
them  in  number ;  anthers  2-celled,  with  longitudinal  or  valvular 
dehiscence.  Ovary  inferior,  1 -celled,  with  2 — 4  pendulous 
ovules ;  style  and  stigma  simple.  Emit  indehiscent,  1-seeded. 
Seeds  exalbuminous  ;  cotyledons  leafy,  convolute  or  plaited. 

Distribution,  Examples,  and  Numbers. — Exclusively  natives  of 
the  tropical  parts  of  America,  Africa,  and  Asia. — Examples  of  Hie 
Genera : — Terminalia,  Combretum.   There  are  about  200  species. 

Properties  and  Uses. — The  order  is  chiefly  remarkable  for  the 
presence  of  an  astringent  principle  ;  hence  the  bark  of  some 
species,  and  the  fruits  and  flowers  of  others,  are  employed  in 
tanning  and  dyeing.     Some  yield  excellent  timber. 

Combrehan  btttyrmmntt  a  native  of  South-Eastem  Africa,  prodaoes  a  kind 
of  vegetable  butter,  which  is  called  Chiquito  by  the  Caffres,  by  whom  it  '" 
used  to  dress  their  victuals. 
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QuUqualiM  indica, — The  seeds  are  in  repute  in  the  Molnccas  for  their 
anthelmintic  properties. 

TerminalicL, — The  fruits  of  several  species  are  largely  imported  into  this 
country  under  the  name  of  Myrobalana  or  MyrMolamu,  l*he  principal 
kinds  of  myrobalans  are  the  Chebulic  and  the  Belieric ;  the  firsi  is  obtained 
from  T.  Ckebula^  and  the  latter  from  T.  bel'erica,  Mvrobalans  are  prin<  i- 
pally  used  by  calico  printers  for  the  production  of  a  black  colour  which  ia 
very  permanent.  They  are  also  employed  bv  the  tanner.  The  belieric 
myrobalans  have  been  also  called  Bastard.  Myrobalans  and  Bedda  iVttte. 
The  flowers  of  T.  Chebida  are  also  used  as  a  dye  in  Travancore,  and  the 
ripe  fruit  is  said  to  be  an  efficient  purgative.  The  seeds  of  T.  beUerica  are 
eaten  by  the  natives  of  some  parts  of  the  East  Indies,  but  they  possess 
intoxicating  properties,  and  have  produced  symptoms  of  narcotic  poisoning. 
The  seeds  of  T.  Catappa  yield  about  fifty  per  cent,  of  an  oil  which  is  said  to 
resemble  almond  oil  in  its  properties.  The  seeds  are  edible,  resembling 
almonds  in  shape,  and  are  hence  called  Country  Almond*  in  India.  The 
seeds  of  T.  cUrina  are  purgative. — T,  Benzoin  has  a  milky  juice,  which 
upon  drying  forms  a  fragrant  and  resinous  substance  resembling  benzoin  in 
its  properties.    (See  Styrax  Btnzoin.) 

Natural  Order  115.  Rhizophorac&£. — The  Mangrove  Order. 
— Character. — Trees  {fig.  250)  or  shrubs.  Leaves  simple,  op- 
posite, dotless  or  rarely  dotted,  with  deciduous  interpetiolar 
stipules.  Calyx  superior,  4 — 12-lobed,  with  a  valvate  aestivatioii, 
the  lobes  sometimes  united  so  as  to  form  a  calyptra.  PeUds 
arising  from  the  calyx,  alternate  with  its  lobes  and  equal  to 
them  in  number.  Stamens  on  the  calyx,  twice  or  thrice  as  many 
as  its  lobes,  or  still  more  numerous.  Ovary  inferior,  2,  3,  or 
4-celled,  each  cell  with  2  or  more  pendulous  ovules.  FmU  in- 
dehiscent,  1-oelled,  1-seeded,  crowned  by  the  calyx.  Seed  pen- 
dulous, exalbuminous,  usually  germinating  while  the  fruit  is 
still  attached  to  the  tree. 

Distribution.  Examples^  and  Numbers, — Natives  of  muddy 
sea-shores  in  tropical  regions.  Examples  of  the  Genera: — 
Rhizophora,  Bruguiera.     There  are  about  20  species. 

Properties  and  Uses. — Generally  remarkable  for  their  astriD- 
gent  properties,  whence  they  are  used  for  dyeing  and  tanning, 
and  sdso  in  medicine  as  febrifuges  and  tonics. 

Rhizophora  Mangle. — The  Mangrove-Tree. — The  baric  is  sometimea  im- 
ported into  this  countrv  as  a  tanning  material,  but  it  is  not  much  uaed.  The 
tVuitis  sweet  and  edible,  and  its  juice  when  fermented  forms  a  kind  of  wine. 

Natural  Order  116.  Alangiace^e. — The  Alangium  Order. — 
Character. — Tre^  or  shrubs.  Leaves  alternate,  entire,  ex- 
stipulate,  without  dots.  Calyx  superior,  5 — 10-toothed.  Petals 
5 — 10,  linear,  reflexed.  Stamens  ecjual  in  number  to,  or  twice  or 
four  times  as  numerous  as,  the  petals  ;  anthers  adnate.  Ovary 
inferior,  1 — 2-celled  ;  style  simple  ;  ovides  solitary,  pendulous. 
Fruit  drupaceous,  more  or  less  united  to  the  calyx,  l-oelled.  Seed 
solitary,  pendulous,  with  fleshy  albumen,  and  large  flat  leafy 
cotyledons. 

PistfiMionj  Examples^  and  Numbers. — Natives  of  vaxiouf 
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parts  of  the  £ast  Indies  and  the  United  States.     Examples  of 
tlie  Otnera : — Alantfiuin,  Nyssa.     There  are  about  8  species. 

Properties  and  Uses. — Of  little  importance.  Some  species  of 
Alan^um  are  said  to  be  purgative  and  aromatic  ;  and  their  suc- 
culent fioiits  are  also  edible.  The  fruit  of  Nyssa  capUaia  or 
candicaiis  is  itsed  occasionally  as  a  substitute  for  Lime  fruit, 
whence  it  is  called  the  Ogechee  Lime. 

Natural  Order  117.  CoRNACEiE.  — The  Cornel  or  Dogwood 
Order. — Character. — Shnihsy  treeSy  or  rarely  herbs.  Leaves 
simple,  opposite  or  very  rarely  alternate,  exstipulate.  Flowers 
perfect  or  rarely  unisexual,  arranged  in  heads,  or  in  a  corym- 
bose, or  umbellate  manner,  with  or  without  an  involucre.  Calyx 
superior,  4<lobed.  Petals  4,  broad  at  the  base,  inserted  at  the 
top  of  the  calyx-tube  ;  lestimtion  valvate.  Htan\eiis  4,  inserted 
with  the  petals  and  alternate  to  them.  Ovary  inferior,  sur- 
mounted by  a  disk,  2-celled  ;  ovule  pendulous,  solitary,  anatro- 
pous  ;  style  and  stigma  simple.  Friiit  drupaceous,  crowned  with 
the  remains  of  the  calyx.  Seed  pendulous,  solitary  ;  embryo  in 
the  axis  of  fleshy  albumen  ;  cotyledons  large  and  leafy. 

Diagnosis. — Trees,  shrubs,  or  rarely  herbs,  with  siniple  ex- 
stipulate,  and  (with  but  one  exception)  opposite  leaves.  Flowers 
perfect  or  sometimes  unisexual.  Calyx  superior,  4-Iobed.  Co- 
rolla with  4  petals,  and  a  valvate  lestivation.  Stamens  4,  alter- 
nate with  the  petals.  Ovary  inferior,  usually  2-ceIled,  with  a 
single  pendulous  anatnjpous  ovule  in  each  cell ;  style  and  stigma 
simple.  Fruit  drupaceous.  Embryoin  the  axis  of  fleshy  albumen. 

Vistrihutivn^  Examples^  and  Xumhers. — Natives  of  the  tem- 
perate parts  of  Europe,  Asia,  and  America.  Examples  of  the 
Genera : — ^Comu.s,  Aucuba.     There  are  above  40  species. 

PropeHies  and  Uses. — The  plants  of  this  order  are  chiefly 
remarkable  for  tonic,  febrifugal,  and  astringent  properties. 

ComuM. — The  bark  of  C.  florula  is  official  in  the  United  States  Pharma- 
copceia  ;  and  is  used  a.<t  a  8ul>stitute  fur  Peruvian  bark  in  the  treatment  of 
intermittent  and  remittent  feverM.  It  is  there  commonly  known  under  the 
name  of  Dogwood  Bark.  The  barks  of  C,  circinata  and*  C.  tericea  are  also 
official  in  the  United  States  Pharmacopoeia,  and  have  similar  properties  to 
the  former.    The  fruit  of  C.  maacula,  the  Cornelian  Cherry,  is  asirinfirent,  a 

f property  also  possessed  by  the  leaves  and  flowers.  The  fruit,  called  Krania^ 
^  much  esteemed  by  the  Turks  on  account  of  its  agreeable  acid  flavour. 
They  use  the  juice  in  their  sherbets  and  for  other  purposes.  The  fhiits  of 
(7.  ntecica  are  used  by  the  Esiiuimaux  for  food  ;  and  in  the  Highlanda  of 
Scotland  they  are  reputed  to  possess  tonic  properties  the  plant  yielding 
them  being  there  termed  iiu-a-chnui*,  or  plant  of  gluttony,  in  allusion  to 
the  suppo^  effect  of  the  fruits  in  increasing  the  ap|ietite.  The  seeds  of  C. 
sanguinea^  the  common  Dogwood  of  our  hedges,  yield  a  fixed  oil,  which  hw 
been  used  for  burning  in  lamp.<<.  Charcoal  for  the  manufacture  of  gun- 
powder is  a,ho  prepared  from  the  wood.  The  fresh  twigs  of  C.  Jlorida  M 
other  species  are  much  used  in  the  United  States  and  in  the  West  Indies  to 
mb  on  the  teeth  for  the  purpose  of  whitening  them. 

Natural  Order  118.  Hamamelidacr*. — The  Witch-Bipel 
Order. — Character. — Small  trees  or   shrubsy   with    alt€iiB|ty 
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leaves,  and  deciduous  Btipules.  Flowers  perfect  or  unisexual. 
Calyx  superior,  4  or  5-lobed.  Petals  4  or  5,  with  an  imbricaie 
sestivation,  or  altogether  wanting.  Stamens  8,  half  of  which  are 
sterile  and  placed  opposite  to  the  petals,  and  half  fertile  and 
alternate  with  them  ;  anthers  2-celled,  introrse.  Ovary  inferior, 
2-celled  ;  styUs  2.  Fruit  capsular,  2-valved,  with  a  loculicidal 
dehiscence.     Seeds  pendulous,  albuminous. 

Distribution,  Exa/mpUs,  and,  Numbers, — Natives  of  North 
America,  Asia,  and  Africa.  Examples  of  the  Genera : — Hama- 
melis,  Rhodoleia.     There  are  about  20  species. 

Properties  and  Uses. — Of  but  little  importance. 

Hamamelis  tirginica  yields  oily  edible  seeds ;  and  its  leaves  and  bark 
possess  astrin^i^ent  properties  and  have  been  mach  used  in  diarrhoea,  dysentery, 
and  oiher  afTections. 

Natural  Order  119.  BRUN^iACEiS. — The  Brunia  Order. — 
Character. — Heath-like  shrubs,  with  small  imbricate,  rigid, 
entire,  exstipulate  leaves.  Calyx  usually  superior,  or  sometimes 
nearly  inferior,  imbricate.  Petals  and  stamens  5,  inserted  on 
the  calyx,  the  petals  alternate  with  the  divisions  of  the  calyx 
and  imbricate ;  anthers  2-celled,  extrorse,  bursting  longitudi- 
nally. Ovary  superior  or  half-inferior,  1— -3-celled,  with  1  or  2 
suspended  anatropous  ovules  in  each  cell ;  style  simple  or  bifid. 
Fruit  crowned  by  the  calyx,  1  or  2-celled.  in  the  first  case  in- 
dehiscent,  in  the  latter  dehiscent.  Seeds  with  a  minute  embryo, 
in  fleshy  albumen. 

DistributioUy  Examples,  and  Numbers.  — Natives  of  the  Cape 
of  Good  Hope  except  one  Madagascar  species.  Examples  of  ^ 
Genera : — Brunia,  Ophiria.     There  are  about  60  species. 

Properties  o/iid  Uses. — Unknown. 

Natural  Order  120.  Umbellifer^  or  Apiage^. — The  Um- 
belliferous Order.  — C haracter. — Herbs,  shrubs,  or  very  rarely 
small  trees,  with  hollow  or  solid  stems.  Leaves  alternate, 
generally  amplexicaul  (fig.  276),  usually  compound  (Jig.  368) 
or  sometimes  simple,  and  always  exstipulate.  Flowers  generally 
in  umbels  (figs.  393  and  425),  white,  pink,  yellow,  or  blue,  wi^ 
(fig.  393)  or  without  (fig.  426)  an  involucre.  Calyx  (fig.  672) 
superior,  the  limb  entire  or  6- toothed,  or  obsolete.  Petals  5 
(fig.  672),  usually  inflexed  at  the  point,  often  unequal  in  size, 
inserted  on  the  calyx  outside  the  disk  which  crowns  the  ovary ; 
astivation  imbricate  or  rarely  valvate.  Stamens  5,  inserted 
with  the  petals  and  alternate  with  them  (fig.  672),  incurved  in 
SMtivation.  Ovary  inferior  (fig.  672),  crowned  by  a  double 
fleshy  disk  (stylopod)  (fig.  572,  d),  2-celled,  with  a  solitary  pen- 
dulous ovule  in  each  cell ;  styles  2  ;  stigmas  simple.  Fruit 
called  a  cremocarp  or  dia^chanium  (figs.  709  and  967),  conaisiiDg 
of  2  carpels  (mericarps),  adhering  by  their  face  (commiuwre)  to 
a  common  axis  (carpophore),  from  which  they  ultimately  separate 
and  become  pendulous  (fig.  709)  ;  each  mericarp.  (fig,  958)  aa 
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indehuoent  l-seoded  body,  traveiMd  on  ita  dorsal  turface  hf 
ridgu,  a,  a,  of  which  there  are  tuiully  6,  but  sometimet  there 
are  4  uthera,  alternating  with  them,  in  which  case  the  former 
are  termed  primary,  and  the  latter  accondary  ridgeB  ;  the  apaoea 
between  the  ridgea  Are  called  channel*  {talUmUe),  b,  b,  in  which 
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are  lometiniea  linear  oily  receptacles  caUedvtttK  (^.  171).  Sted 
pendulous  (fig.  969)  ;  embryo  minute,  at  the  base  of  abundant 
homy  aibumen  {fig-  959,  /)  ;  rodide  pointing  towards  the  hilum. 
Diagrmtit  — ^Serbs  or  shrubs.  Leaves  alternate,  usually 
compound  and  amplexicaul,  or  sometimea  simple,  and  alirayi 
exstipulate .  Flowers  almost  always  arranged  in  a  more  or  less 
umbellate  manner.     Calyx  superior.     Petals  and  stamen*  6j 


560  UMBELLIFERJB. 

inserted  on  the  outside  of  a  double  fleshy  disk  which  crowns  the 
ovary.  Ovary  inferior,  2-ceIied,  with  a  solitary  pendulous  ovule 
in  each  cell ;  styles  2.  Fruit  consisting  of  two  indehiscent  carpels, 
which  separate,  when  ripe,  from  a  common  axis  or  carpophore. 
Seeds  pendulous,  one  in  each  carpel,  with  a  minute  embryo  at 
the  base  of  abundant  homy  albumen. 

Dr.  Seemann,  who  intimately  studied  the  plants  of  this  order 
and  those  of  the  Araliacese,  proposed  to  eliminate  from  the 
Umbelliferse  all  those  species  which  had  valvate  petals  and 
certain  other  characters  derived  from  their  fruit,  and  to  place 
them  in  a  new  order  to  which  he  gave  the  name  of  Hederacese. 
(See  Araluxcex.) 

Divisimi  of  the  Order  and  Examples  of  the  Genera. — ^The  order 
has  been  divided  into  three  sections  from  the  appearance  of  the 
albumen,  but  these  sub-orders  are  by  no  means  well  defined. 
They  are  as  follows  : — 

Sub-order  1.  Orthospermem. — Albumen  flat  on  its  face.  Ex- 
amples : — Hydrocotyle,  Sanicula,  Cicuta,CEnanthe,  Heracleum, 
Daucus. 

Sub-order  2.  Campylospermese. — Albumen  rolled  inwards  at 
the  margins,  and  presenting  a  vertical  furrow  on  its  face. 
Examples. — Anthriscus,  Chierophyllum,  Conium. 

Sub-order  3.  Cmhspermese. — Albumen  with  the  base  and  apex 
curved  inwards  on  its  face.  Exa/fnples: — Ormosciadium, 
Coriandrum. 

Distribxition  and  Numbers. — Chiefly  natives  of  the  northern 
parts  of  Europe,  Asia,  and  America.  Many  occur,  however,  in 
the  southern  hemisphere.  They  are  rare  in  tropical  regions 
except  upon  the  mountains,  where  they  are  by  no  means  uncom- 
mon.    There  are  about  1,560  species. 

Properties  and  Uses. — Extremely  variable  ;  thus,  some  are 
edible  ;  others  aromatic  and  carminative,  and,  in  some  cases, 
stimulant  and  tonic,  from  the  presence  of  a  volatile  oil  ;  some, 
again,  contain  a  narcotico-acrid  juice,  which  renders  them  more 
or  less  poisonous  ;  while  others  are  antispasmodic  and  stimulant 
from  the  presence  of  a  more  or  less  foetid  gum-resin,  which  is 
essentially  composed  of  gum,  resin,  and  volatile  oiL  This  oil 
in  the  case  of  Asafoetida  contains  sulphur. 

1.  Esculent  Umbellifer.c 

Anthriscus. — ^Two  species  of  this  genus  ore  cultivated — A.  CkrefoKuat, 
the  Chervil,  the  leaves  of  which  are  used  for  flavouring  soups,  sala<u,  &c ; 
and  A.  bulbosus^  the  Parsnip  Chervil,  for  its  edible  roots. 

Apium  graveofens.  Celery. — By  cultivation  with  the  absence  of  light,  the 
stem  and  [)etioles  become  succulent  and  develop  but  little  aromatic  oU,  and 
are  then  edible. 

Anesorhiza  capensis  is  eaten  at  the  Cape  of  Good  Hope. 

Arraceicha  esculenta,  Arracacha,  a  native  of  New  Granada,  has  large 
escaleot  roots. 
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Bunium, — B.fleruomtm  and  B.  Bulbocagtanum  have  roondish  tabercnlar 
roots,  which  are  edible ;  they  are  known  under  the  name  of  £arth-nut8  or 
Pifjf-nuts. — B.  ftrulmfoUum^  a  native  of  Greece,  has  also  edible  tabercnles, 
which  are  termed  Topana, 

Carum  Gairdnen. — The  roots  of  this  plant  are  much  eaten  bv  the 
Indians  of  the  Pacific  coast  of  North  America,  either  raw  or  boiled  with 
other  substances. 

Crithmum  maritimum.  Samphire,  is  commonly  used  as  an  ingredient  in 
pickles. 

Daucu»  Carota^  var.  tativa^  the  cultivated  or  Garden  Carrot,  is  well 
known  for  its  esculent  roots. 

Fceniculum, — F.  vulgare  is  the  Common  Fennel ;  and  F.  duice  the  Sweet 
Fennel.  The  latter  is  frequently  considered  as  a  cultivated  variety  of  the 
former';  but  both  plants  appear  to  be  varieties  of  F.  eapillaceum.  Both 
are  well-known  as  pot-herbs  and  garnishing  substances. — F.  capentU  is  a 
Cape  esculent. 

Ferula. — ^The  roots  of  several  species  of  this  genus,  and  of  other  allied 
plants,  are  eaten  in  Oregon  and  some  other  parts  of  North  America. 

Haloseias  Mcntieum  is  the  Scottish  Lovage. 

Helnseiadium  cafi/omicum. — The  roots  are  said  by  M.  Geyer  to  be  very 
deliciou:4 ;  they  are  eaten  bv  the  Saptoria  Indians  in  Oregon. 

(Enanthe  pimpineVoidu  Is  said  by  Lindley  to  have  wholesome  roots,  but 
the  species  of  (Enanthe  are  generally  very  poisonous.  (See  Foi$unou$ 
Umheflifttrte.) 

Pastinaca  aathoL,  the  Parsnip. — ^The  roots  of  the  cultivated  plant  are  the 
parts  eaten. 

Petroadinum  tativum  is  the  Common  Parsley  of  our  gardens.  An  oily 
liquid,  which  has  been  named  apiol  by  its  discoverers,  Joret  and  Homolle, 
may  be  obtained  from  the  fruits ;  and  has  been  reputed  of  value  in  inter- 
mittent fevers,  and  as  an  emmenagogue. 

Prangos  pahvlaria. — The  herb  is  used  as  sheep  food  in  Tartary  and  the 
adjoining  countries,  and  has  been  introduced  as  a  forage  plsnt  into  this 
countrv.  The  prevalent  idea  that  its  use  corrects  the  tenaency  to  rot  in 
sheep  fs  altogether  erroneous. 

Sium  Siaarum  is  commonly  known  under  the  name  of  Skirret.  It  is 
sometimes  cultivated  for  its  edible  roots. 

Smutmium  Olutatrum,  Alexanders. — This  plant  was  formerly  cultivated 
like  Celery. 

2.  Aromatic,  Cakminative,  Stimulant,  and  Toxic  Umbelliperje. 

Anethum  (Peucedanum)  qraveoletut,  the  Dill;  Carum  Carui,  the  Caraway  ; 
Coriandrum  tativum,  the  Coriander ;  Cuminnm  Cyminum^  the  Cummin ; 
Dauetu  Carota,  the  Carrot;  Fceniculum  (eapillaceum)  vulgare^  the  Common 
Fennel ;  Famiculum  {capiilaeeum)  dulce,  the  Sweet  Fennel ;  Fceniculum 
Panmorium^  an  Indian  species ;  Pimpinetla  Anitum,  the  Anise ;  and  Ptvehotis 
{Carum)  Ajowan^  the  Ajwain  or  Oinum,  a  native  of  Egypt,  Persia,  Af- 
ghanistan, &c ,  and  much  cultivated  in  India.  The  fruits  (Xf  the  above 
plants,  commonly  terme  1  seeds,  all  possess  aromatic,  carminative,  and  more 
or  less  stimulant  properties,  which  are  due  to  the  presence  of  volatile  oils 
contained  either  in  the  vitUe,  or  pericarp.  Some  are  also  employed  as 
condiments,  and  for  flavouring  liqueurs.  They  are  too  well  known  to  need 
any  detailed  description.  The  fruits  of  Levistieum  officinale,  Lovage,  have 
somewhat  similar  properties. 

Arehangelica  officinalis,  Angelica. — ^The  root  and  fruits  are  pungent 
aromatic  stimulants  and  mild  tonics.  They  are  principallr  used  in  the 
preparation  of  gin,  and  the  liqueur  known  under  the  name  of  bitter§.  The 
young  shoots  are  also  made  with  sugar  into  a  sweetmeat  or  candy,  whieh 
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forms  a  verv  agreeable  stomachic.  The  petioles  were  formerly  bUnehed 
and  eaten  like  Celery. 

Daucus  Carota^  var.  nativa. — The  roots  are  used  in  the  form  of  a  poultice, 
on  account  of  their  moderately  stimulant  properties. 

Eryngium  catnpestre  and  E.  maritimum^  Eryngo,  have  sweet  aromatic 
roots,  possessing  tonic  properties. 

Ferula  {Eurvangium)  Sumbtd. — The  root,  which  is  official  in  the  British 
Pharmacopoeia,  is  imported  into  this  country  from  Russia.  It  is  also  official 
in  the  Pharmacopoeia  of  India.  It  is  commonly  known  as  Sumbtd-root^  and 
also,  from  its  strong  musky  smell,  as  Musk-root,  It  is  a  nervine  stimulant, 
and  antispasmodic. 

Hydrocotyle  ctsiatica. — ^The  leaves,  particularly  when  in  a  fresh  state, 
are  emploved  in  India  both  internally  and  externally,  in  leprosy,  secondary 
syphilis,  &c.  They  are  official  in  the  Pharmacopoeia  of  India.  As  a  remedial 
a^ent  in  leprosy  they  excited  much  attention  some  years  since  in  the  Island 
of  Mauritius,  under  the  name  of  Bevilacqua. 

Meum. — M.  athamanticum.  Bald-money  or  Mew ;  and  M.  Mutellina,  have 
aromatic  tonic  roots. 

Selinum  palustre, — The  root  has  long  been  popularly  used  in  some  pro- 
vinces of  Russia,  as  a  remedy  in  epilepsy.  It  has  also  been  employed  in 
hooping- cough,  and  other  nervous  affections;  but  when  tried  in  regular 
practice  its  use  has  not  been  attended  with  any  marked  success. 

8.  Poisonous  Umbrllifkele. 

The  poisonous  properties  of  these  plants  are  due  to  the  presence  of  a 
narcotico-acrid  juice,  and  seem  to  vary  according  to  the  nature  of  the  soil 
and  climate,  for  Sir  Robert  Cbristison  has  noticed,  that  certain  species  which 
are  generally  regarded  as  poisonous,  are  auite  harmless  when  obtained  from 
certain  localities  near  Edinburgh.  This  is  a  very  important  point,  and  one 
which  requires  further  investigation.  Should  it  prove  to  be  true  in  all  cases, 
it  would  probably  account  in  a  great  degree  for  the  varying  strength  ci  the 
official  preparations  of  Hemlock,  which  is  commonly  believed  to  arise  frwn 
their  careless  preparation  ;  and  also  to  the  different  opinions  entertained  as 
to  the  poisonous  or  non-pobonous  properties  of  some  other  species  of  Um- 
belliferous  plants. 

^thuga  Cynapium,  Fool's  Parsley,  is  a  very  common  indigenous  plant, 
and  usually  regarded  as  possessing  poisonoins  properties ;  but  this  is 
altogether  contrary  to  the  experience  of  Dr.  John  Harley.  Ficinius  and 
Walz  have,  however,  both  isolated  alkaloids,  the  first  a  crystallisable,  very 
poisonous  substance ;  the  latter  a  liquid  alkaloid,  resembling  conia  and 
nicotia.    The  leaves  have  been  mistaken  and  eaten  for  those  of  Parsley. 

(Enanthe. — (Enanthe  crocata.  Hemlock  Drop-wort  or  Dead-tongue,  and 
(Enanthe  PhellandriunL,  Fine-leaved  Water  Drop-wort,  are  intensely  poison- 
ous in  most  localities.  The  roots  of  (Enanthe  pimpineltoideMy  as  alreadv 
noticed,  are  said,  however,  to  be  wholesome.  (See  Eaculent  Umbelliferm^ 
All  the  above  species  are  indigenous. — €Rnanthe  fistulosti,  a  native  of  the 
United  States  of  America,  is  also  very  poisonous. 

Cicuta. — C.  mrouiy  Water  Hemlock  or  Cowbane,  is  another  indigenous 
plant  of  a  highly  poisonous  nature.  Its  poisonous  principle  has  been  tanned 
eicutojrin. — C.  nuiculata^  a  native  of  America,  has  also  very  poiscmona  roots, 
which  from  having  been  mistaken  for  those  of  other  harmless  UmhelHfarm, 
have  not  unfrequently  led  to  fatal  results.  The  latter  plant  has  been  used 
as  a  remedy  in  nervous  and  sick  headaches. 

Conium  nuiculatum^  Hemlock. — This  plant  is  indigenous  ;  it  has  been  fvr 
a  long  time  official  in  our  pharmacopoeias.  In  proper  doseait  is  extensively 
employed  in  medicine  to  relieve  pain,  relax  spasm,  and  compose  nervous 
irritation  in  general*    It  owes  its  properties  chiefly  to  the  presence  of  t 
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colourless  ofly  liquid  with  a  penetratingly  mouse-like  odour,  to  which  the 
name  of  Conia  has  been  given.  In  improper  doses.  Hemlock  is  a  powerful 
poison,  and  fatal  accidents  have  arisen  from  its  having  been  mistaken  for 
other  harmle:»  Umbelliferous  plants. 

4.  Umukllifer.e  yielding  FiETiD  Gl'm-Resins. 

The  most  important  of  these  i^ini-resins  are,  A$afoetida,  Ammomacumf 
and  Galbanum  ;  all  of  which  are  official  in  the  British  Pharmacopceia. 
Opoponax  and  Sagapenum  are  others,  but  they  are  now  scarcely  ever  used 
in  this  country.  They  aU  i)08se8s  antispasmodic  and  more  or  leas  stimu- 
lant properties ;  this  is  especially  the  case  with  Asafcetida,  which  is  also 
extensively  used  as  a  condiment  in  Persia,  India,  and  other  parts  of  the 
Kast,  in  the  same  way  as  f^arlic  and  other  allied  plants  are  employed  in 
Europe.  Ammoniacum  and  Galbanum  also  possess  expectorant  properties, 
and  both  are  used  externally  in  the  form  of  plasters  to  promote  the  absorp- 
tion of  tumours  and  chronic  swellings  of  the  joints.  The  plants  yielding 
these  gum-resins  are  not  in  all  cases  known,  but  they  are  excluaivelj'  natives 
of  Persia,  Afghanistan,  Thibet,  and  the  a^acent  regions,  except  the  one 
yielding  Opoponax,  which  is  found  in  the  South  of  Europe,  and  in  Syria. 
These  gum-resins  are  chiefly  imported  into  this  country  from  India, 
although  sometimes  from  the  Levant.  They  are  commonly  seen  in  two 
forms — that  is,  in  roundish  or  irregular  tears  ;  or  in  masses  formed  by  their 
union. 

Ammoniacum  is  yielded  by  Dorema  Ammoniacumj  D.  Aucheri,  and  pro- 
bably (»ther  species.  It  exudes  from  the  stem  seemingly  to  some  extent 
spontaneously,  but  principally,  in  consequence  of  punctures  produced  by 
innumerable  beetles  when  the  plant  has  attained  perfection.  It  appears  to 
be  solelv  collected  in  Persia.  The  root  of  D.  Ammoniacum  is  used  in  India 
in  the  I^arsee  flre-temple?  as  incense,  and  is  imported  from  Persia  under  the 
name  of  Boi.    This  root  is  the  source  of  the  Indian  Sumbul  Root  of  Pereira. 

Amfatida. — This  is  obtained  by  incision  from  the  living  roots  of  Ferula 
NartheXf  F.  Scorodotmaj  and  probably  other  species,  in  Afghanistan  and 
Persia.  We  have,  however,  no  positive  evidence  of  F.  Xarthex  having  been 
found  except  in  Thibet.  The  fruit  is  also  sometimes  employed  in  India 
under  the  name  of  Anjudan. 

Galbanum. — This  gum-resin  is  principally  derived  from  Ferula  galbani- 
jiua,  of  Buhse  ;  but  some  also  appears  to  be  obtained  from  F.  rubricaiility 
Boiss.,  and  F.  Schalr^  Boszczow. 

Opoponax  appears  to  be  obtained  from  incisions  into  the  living  root  of 
Opoponax  Chironium^  which  was  formerly  called  Paatinaca  Opoponax, 

Sagaptnum. — Nothing  positive  is  known  with  respect  to  the  plant  yielding 
this  substance.  It  has  been  supposed  to  be  derived  from  the  root  of  Ferula 
persica,  or  some  other  species  of  Ferula. 

Thapgia  gargamca  is  said  to  be  the  Silphium  plant  of  the  ancients.  The 
gum-resin  from  which  the  blistering  property  has  been  removed,  has  been 
highly  recommended  as  a  remedy  in  pulmonary  affections,  more  especially 
in  phthisis.  The  Silphium  plant  is  however  sometimes  stated  to  be  the 
Narthex  Silphium,  Oersted. 

Natural  Order  121.  Araliace^.  —  The  Ivy  Order.  — 
Character. — TreeSy  shnibs,  or  herbs,  Xeove^ alternate,  without 
stipules  (Jig.  216).  Flowers  generally  in  umbels  or  capitate, 
usually  perfect  {fig.  960)  or  rarely  unisexual.  Calyx  more  or 
less  superior  {fig.  960),  entire  or  toothed.  Petals  {fig.  960),  2, 
4,  5,  10,  deciduous,  almost  always  valvate  in  sestivation  or 
rarely  imbricate,  generaUy  distinct  or  rarely  monopetalouft, 
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accMionallj  wanting.     Stamtnt  coTreaponding  in  niimlier  to  the 
petaU  and  ^tenittt«  with  them  {jig.  960),  or  twice  as  many, 
inserted  on  the  outside  of  a  diBk  which 
FictKO.  crowns  the   ovary ;   trnthert  ttimed  in- 

wards {fig.  960),  with  longitudinal  da- 
hiscence.  Orary  {fig.  960)  more  or  leu 
inferior,  usually  with  more  than  2  cetla, 
or  very  rarely  1-celled,  crowned  by  a 
disk,  each  cell  with  a  solitary  pendulous 
anatropous  ovule  ;  stylu  as  many  aa  the 
cells,  sometimes  united  ;  tttgrnat  simple. 
Fndt  usually  3  or  more  celled,  succulent 
or  dry,  each  cell  with  1  pendulous  seed, 
with  fleshy  albumen. 

Diagnotis. — Closely  allied  to  Vmbel- 
lifera!,  from  which  it  may  be  generally 
distinguished  hy  the  valvate  {estivation 
of  the  corolla  ;  by  the  fruit  beine  usually 
3  or  more  celled,  the  carpels  of  which  do  not  separate  when  ripe 
from  a  forked  carpophore  ;  and  from  the  seed  possessing  fleshy 
albumen.  There  is  also  a  greater  tendency  among  Araliaax  to 
form  a  woody  stem  than  in  UmbtUifer/e. 

As  already  noticed  (see  page  560 ),  Dr.  Seemann  has  proposed 
a  new  order  under  the  name  of  Hedoraceie,  to  include  certain 
plants  of  this  order  and  of  the  Umbeltifer)«. 

ZHstribvtion,  Bramplef,  aitd  Numbtra.  —  These  plants  are 
universally  distributed,  being  found  in  tropical,  sub-tropical, 
temperate,  and  the  coldest  regions.  BrampUt  of  the  Genero : — 
Panax,  Aralia,  Hedera.  The  order  includes  about  160  species. 
FroptrfitB  imd  Uiea. — It  must  be  regarded  as  a  somewhat 
remarkable  fact,  that,  nearly  allied  as  the  Araliaceie  are  to  the 
tJmbelliforie,  they  never  possess  to  any  degree  the  poisonons 
properties  which  are  frequently  found  in  ^ants  of  that  order. 
The  Araliacera  are  generally  stimulant,  aromatic,  diaphoretic, 
and  somewhat  tonic. 

Aral\a.~A.  nudicaula  is  ■  native  of  North  America,  where  ft*  roolsire 

■fTeellone  i  Ih'ey  >"  commonly  knows  under  the  aume  o(  Fain  or  Amtriart 
Sariaparilla .  Mid  sre  sometime*  forwarded  to  Ihli  cotin'ry.  Under  tb* 
nan>a  of  Rabbit-root*  they  have  been  tlso  ueed  as  a  remedr  in  sj-phili«  b» 
ths  Creea,  in  North  Amenca.  Tte  bork  of  A.  •pinota.  cilled  A^gtliai  ur 
TootluuAt  tne  in  North  Americn,  is  nsed  as  a  (timnlant  diaphoretic.— .J. 
nu-flwva,  A.  tpinovij  and  A.  hitptda,  vield  aromatic  ^m-retrins, — A.  tdmiit 
iaused  in  Chins  s«s  diaphnrttie.  Itn'young  ahoots  and  roots  are  alsoeatn 
as  a  ve^table  in  China  and  Japan. 

(iKiHura  teabra  1»  nmarkable  for  its  enormnns  1eave^  which  are  soni»- 
times  ss  oinch  aa  eight  feet  in  diameter;  the  flnhf  petioles  reaemUe  thm 
of  the  Rhnbarba  in  appearance,  and  sre  eaten.    Its  roots  are  sitriDgenL 

Htdtra  Hilix,  the  Ivy,  1*  repaCed  to  be  disphnretic,  and  its  berrlea  si* 
eaieticand  purgatlTe.  Ii  ointaina  specnlisr  acid  csUed  AcAtm  oeirf,  whkk 
is  supposed  to  M  a  gtaeodds. 
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Panax. — P.  Ginteng  or  Sehiiueng. — The  root  of  this  plant,  which  Is  a 
native  of  Northern  Asia,  constitntes  Gin$€ng,  which  is  lo  highly  prized  by 
the  Chinese  as  a  stimulant  and  aphrodisiac,  that  they  will  sometimes  give 
for  it  its  weight  in  gold.  The  name  Gitumg  signifies  *  Wonder  of  the 
World/ — P.  quinquejoiium  is  a  native  of  North  America.  Its  root  is 
known  under  the  name  of  American  Gintena.  It  has  similar  properties 
to  the  preceding. — P.  P$eudo-  Ginseng,  a  native  of  India,  appears  to  have 
similar  properties. — P,  fruticosum,  Jr,  coehieatumy  and  JP.,  Anitum  have 
aromatic  properties. 

Tetrapanax  (^Aralia)  papyri/era^  the  Fattia  papyriftra  of  Bentham  and 
Hooker. — From  the  pith  of  this  plant,  a  native  of  the  island  of  Formosa,  the 
rice  paper,  which  is  used  by  the  Chinese  for  making  artificial  flowers,  &c., 
is  prepared. 


Artificial  Analytis  of  the  Natural  Order*  in  the  Sub^elass 
CiLYciFLOEAt. — Modified  from  Lindley. 

(The  numbers  refer  to  the  Orders  in  the  present  work.) 

1.  Flowers  Poltandroub. — Stamens  more  than  20. 

A.  Ovary  wholly  superior. 

a.  Leaves  without  stipules, 

1.  Carpels  more  or  less  distinct,  (at  least  as  to 

the  styles^  ;  or  solitary. 
Stamens  distinctly  perig}*nons.    Ovules 

suspended  or  ascending 
Stamens  more  or  less  hypogvnous.  Ovules 

attached  to  a  long  funiculus  arising 

from  the  base  of  the  cell 

2.  Carpels  wholly  combined,  (at  least  at  to  the 

ovaries). 
Sepals  2,  united  at  the  base  only.    Ovaxy 

with  a  free  central  placenta  . 
Seoals  more  than  2,  united  into  a  tube. 

Ovary  with  axile  placenta    . 

b.  Leaves  with  stipules, 

1.  Carpels  more  or  less  distinct,  (at  least  as  to 

the  styles)  ;  or  solitary. 
Calyx  with  Uie  odd  lobe  inferior.  Stamens 

more  or  less  hypogynous      .        .        . 
Calyx  with  the  odd  lobe  superior.  Stamens 

perigynous 

2.  Carpels  wholly  combined,  (at  least  as  to  the 

ovaries). 
Ovary  1-celled  with  a  free  centrsl  pla- 
centa      

B.  Ovary  inferior,  or  partially  so. 

a.  Leaves  without  stipules, 

1.  Placentas  parietal. 

Petals  definite  in  number,  distinct  from 

the  calyx Loatacem,    100. 

Petals  indefinite  in  number,  gradually 
passing  into  the  eepuls  .       .       .        .    CaeiacesB,    102. 


Botacem,    82. 
Anacardiacem.    76. 

PortulacacesB,    92. 
Lythraeesi,    84. 


LeguminossB.    80. 
Rosacea,    82. 

Portulaeacees,    92. 
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2.  PlacentoM  in  the  cutis. 

Leaves  with  transparent  dots. 
Ovary  1 -celled.     Cotyledons  not  dis- 
tinct ..*.... 
Ovary  with  more  than  1  cell.    Coty- 
ledons distinct 

Leaves  without  dots. 

Petals  very  numerous  .... 
Petals  definite  in  number. 
Petals  narrow  and  strap-shaped 
Petals  roundish  and  concave. 
Styles  united         .... 
Stvles  distinct        .... 

b.  Leaves  with  stipules, 

1.  Carpds  more  or  less  distinct^  or  solitary 

2.  Carpets  wholly  combined^  {at  least  as  to  the 

ovaries'). 

Leaves  opposite 

Leaves  alternate. 

Placentas  axile 

Placentas  parietal         .... 


Chammlauciacem.     10& 

Myrtaeese,    106. 

Mesemhryacem,    93. 

Alangiacew.     116. 

BarringtoniaeesB.     109. 
Philaddphaeem.     105. 

RosacesB,    82. 

lUdzophoraceK,     115. 

Lecythidacem,     107. 
Homaliacem,     107. 


Crasiulacem.     89. 
Francoacem,    90. 

Calycanthacem.    83. 


Anacardiacem.    76. 
Gmnaracesg.     78. 
Amyridacew,    79. 


2.  Flowers  Olioandrous. — Stamens  less  than  20. 

A.  Ovan'  wholly  superior. 

a.  Leaves  without  stipules. 

1.  Carpels  more  or  less  distinct^  or  solitary. 
Carpels  with  hypo^nous  scales. 

Each  carpel  having  one  scale  . 
£ach  carpel  having  two  scales 
Carpels  without  hvpogynous  scales. 
Carpels  several,  all  perfect  .... 
Carpels  solitary,  or  all  but  one  imperfect. 
Leaves  without  dots. 

Ovule  single,  suspended  by  a  cord 

rising  from  the  Dase  of  the  carpel 
Ovules  collateral,  ascending,  8ei^8lle  . 
Leaves  dotted 

2.  Carpels  wholly  comhinedj  (at  least  by  their 

ovaries). 
Placentas  parietal. 
Flowers  with  a  ring  or  crown  of  sterile 
stamens. 
Flowers  unisexual. 
Female  flower  coronetted  . 
Female  flower  not  coronetted 
Flowers  hermaphrodite 
Flowers  without  sterile  stamens  . 
Placentas  axile. 
Styles  distinct  to  the  ba^e. 
Carpels  each  with  one  hypogynous 

scale 

Carpels  without  hypogynous  scales  . 
Styles  more  or  less  combined. 
(3alvx  imbricate. 
^palB2         ..... 


PangiacesB,     98. 
Papayacem,    97. 
MaUsherbiacem.    95. 
Tumeracem,    96. 


CroMndactm.    89. 
Saxifragacem,    85. 

Portuheacsm,    92. 
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Sepals  more  than  2. 
Ovules  ascendinic       .        .        .     Cekutracrm,    71. 
Ovules  suspended  .        .    Bruniacem.    119. 

Calvx  valvate. 

Stamens  opposite  to  the    petals, 

isomerouB Rhammaeem.    75. 

Stamens  alternate  with  the  petals 
if  isomerou9. 

Leaves  simple.  Calyx  tubular    Lytkraeem.    84. 
Leaves  compound.    Calyx  not 
tubular        ....     Amyridactm.    79. 

b.  T.teave»  with  »tijmh$. 

1.  Carpel*  distinct f  or  ioiitary. 

Fruit  leguminous ;  odd  seiml  inferior  .        .    ZjegumiHn$sB.    80. 
Fruit  not  leguminous ;  odd  sepal  superior  .    Batacem.    82. 

2.  Carpels  wholly  conUfined,  (a/  least  by  their 

ovaries). 
Placentas  parietaL 
Flowers  with  a  ring  of  appendages      .    Passijloractm.    94 
Flowers  without  a  ring  of  appendages      Monngacem.    81. 
Placentas  in  the  axis. 
St  vies  distinct  to  the  base. 

)^etal8  minute Faronyehiaeesi,    91. 

Petals  oonR))icuoa8. 

Leaves  opposite      ....     Cunoniacem.    88. 
Leaves  alternate  .        .     Saxifrayacem,    85. 

StyleH  more  or  less  combined. 
Calvx  imbricate. 
I*  lowers  spurred     ....     Voehysiaeem     74. 
Flowers  not  spurred.  • 
Leaves  simple.    Petals  united  by 

their  claws  into  a  tube        .        .     Stackhousiacem,    72. 
Leaves  compound.    Petals  distinct     Staphyleacess.    73. 
Calyx  valvate. 
Stamens  opposite  to  the  petals,  iso- 

merous Rhamnacem.    75. 

Stamens  twice  as  many  as  the  petals    A  myridaceas.    79. 

B.  Ovarj'  inferior,  or  partially  so. 

a.  Leaves  without  stipules^  or  with  cirrhose  sti- 
pities. 

Placentas  parietal. 
Flowers  completely  unisexuaL    Monopeta- 

lous Cucurbitacese,    99. 

Flowere  hermaphrodite  or  polygamous.  Pe- 
tals distinct Grossulariacem.    103. 

Placentas  in  the  axis. 
Flowers  in  umbels. 

Styles  two UmhtlHferm,    120. 

Styles  three  or  more     ....    AraHactm.    121. 
Flowers  not  in  umbels. 
Carpel  solitary. 

Petals  strap  shaped,  reflexed    .        .    Alanyiacem.    116. 
Petals  oblong. 
Leaves  bauamio    ....    Anacardiae§m,    76» 
Leaves  Insipid. 
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Cotyledons  convolute  .        .     Combretactm.    114. 

Cotyledons  flat  ....    HaloragacesB.     113. 
Carpels  two  or  more,  divaricating  at  the 
apex. 

Leaves  alternate.     Herbs  .        .     Saxifragacem.    8.5. 

Leaves  opposite.     Shrubs  .        .    Hydbumg&ictte.    86. 

CarpeU  two  or  more,  not  divaricating, 
combined. 
Calvx  valvate. 
Stamens  opposite  to  the  petals,  iso- 

merous Bhamnacete,     75. 

Stamens  alternate  with  the  petals  if 
isomerous. 
Albumen  none.    Ovules  horizon- 
tal or  ascending      .        .        .     Onagracesg,     112. 
Albumen  none.    Ovules  pendu- 
lous   HaloragacesB.     118. 

Albumen  abundant    .        .        .     Comacex.     117. 
Calyx  not  valvate. 
Stamens  doubled  downwards.    An- 
thers with  appendages.     Leaves 

ribbed MeUutomacem,    111. 

Stamens  only  curved.  Anthers  short. 
Leaves  dotted         ....    Jkfyrtacea,    106. 
Leaves  not  dotted. 

Seeds  very  numerous,  minute    .    JCscalhniaceas.     104. 
Seeds  few Bruniaceee.     119. 

b.  Leaves  with  ttipules. 

Placentas  parietal. 

Stipules  cirrhose.    Monopet^loiis        .        .     Cucurbitacete,    99. 
Stipules  deciduous.    Petals  distinct    .        .     Homaliacea.     101. 
Placentas  in  the  axis. 
Stamens  opposite  to  the  petals,  isonierous    .    Bhamnacea,    75. 
Stamens  if  equal  to  the  petals,  alternate 
with  them. 

Leaves  opposite Bhizophoracete,     115. 

Leaves  alternate Hamameiidaceae,    118. 

Although  it  generally  happens  that  the  Galycifioree  have  di- 
chlamydeous  flowers,  polypetalous  corollas,  and  perigynous  or 
epigynous  stamens,  yet  many  exceptions  occur,  which  should 
be  particularly  noted  by  the  student.  Thus,  we  find  apetalous 
^ants  in  the  CeladraceiB,  BhamiiaceXy  AinacardiaceXy  Leguminosstj 
Jtoaacesef  Lythracee^,  Saxifragacex^  CunonictceeRy  ParonychiaceXy 
Mesembryace^Sy  PassifloraceXy  MyricuiesRy  Onagraceai,  Haloragacest, 
CvmbretaceaSy  Hamamelidace«y  and  Arali<icese.  Monopetalous 
corollas  occur  commonly  in  StackhounaceaSy  PapayaceXy  Cucwr- 
bitaceaRy  and  BelvisiacesR  ;  and  occasionally  in  Orassulaceaty  Por- 
UdacaceXy  LecythidaceaRy  and  Araliacex.  In  some  CalycifLorse, 
again,  the  stamens  are  wholly  or  in  part  hypogynous  or  nearly 
so,  as  in  AnacardiaceXy  ConnaraceXy  LeguminossSy  SaodfragaceXy 
Crast/ulaceXy  FrancoaceXy  ParonychiaceXy  and  Portuiacace«. 

Unisexual  flowers  always  occur  in  Hetudoviacex,  Papayacuty 
PangiaceeB,  and  Cucurbitacex    and  sometimes  in  Boaactigy  Hy- 
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drangearea,  Pasiifitiratea,  Grosmlariiictm,  HcdoTagaetm,  Combrt- 
tacts,  ComaatK,  Hamamdidacf4t,  and  AToliaeac. 

EiceptiuDB  also  not  unfrequentl;  occur  to  the  charact«rB  upon 
which  the  perigynous  and  epijjynouB  sub-dirUions  of  the  Calyci- 
Horee  are  fuunded.  Thua,  in  the  Perigyne  we  HometimeB  and 
the  ovary  partially  or  wholly  inferior  instead  of  aiiperior,  aa  in 
Vochytiactst,  Bhammitea,  Anneardiacea,  Sotacesc,  Saxifragatxm, 
HydrangeiiceM,  CuiumuKtm,  PortiUacaufe,  and  Mtttmhr^axeft. 
But  the  eiceptiona  to  the  ordiuaty  inferior  ovary  of  the  Epigynas 
are  much  more  rare,  only  occurring  in  Myrtaeea,  Melattomactm, 
and  BruHta-cts,  where  the  ovary  is  aotaetimes  partially  ur 
wholly  superior. 

Sub-clam  III.  CoroUifiorx. 
1.  Epigynce. 
The  Natural  Orders  placed  in  this  sub-division  of  the  Corul- 
liflore  were  included  by  De  CandoUe  in  the  Colycifiorte  ;  the 
CoroUifione  being  restricted  by  him  to  those  monopetalous  orders 
in  which  the  corolla  was  hypogynous,  and  the  ovary  consequently 
superior,  and  which  are  placed  in  oui  arrangement  in  the  sub- 
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divisions  liypostamineie  and  Epipetalie.  But  the  simplest  ar- 
rangement for  the  student  is  to  consider  the  Monopetalous 
Corolla  as  the  essential  mark  of  the  Curolliflorm,  and  in  accord- 
ance with  this  view  we  make  this  sub-division  of  the  Corolliflone, 
and  call  it  the  Epigynie.  It  should  be  noticed,  however,  that 
some  monopetalous  orders  have  been  placed  by  us  in  the  Calyd- 
florse.     (See  Jnaly«w  o/  ifte  Calydfiora,  page  668.) 

Natural  Order  122.  Cafrifollacra  ^The  Honeysuckle 
Order. — Character. — Shrttba  or  rarely  Aerba;  Xeooea  opposite 
{fig.  280),  eistipulate.  Calyx  superior  Uig.  961),  4— 6-clett, 
usually  bracteated.  C<winUa  monopetaloos  (^.  962),  4 — 5-deft, 
tubular  or  rotate,  regular  (fg.  962)  or  irregular,  rarely  poly- 
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n«nc.n«i'v  uit  31  tie  3rTO«r»ci»a  ^  2Iia«r  Piiw-r  W^aee.  Tb»  iaa 
Hnilt,.  ami  jeac^a  ixt»  3iiir«  tt  jes  Tonacrrv  -iiiii  coBecic  pv<vp«rCM 
friz'  it*  «!»•>  suLSt  ijqjiiis  jDii  tixxTTO!!.    I::  2f  cxaRHrreLj  H«i  Ih'  ^ 

thit^  m  rtmnntyaLj  ksa^^  a»  Elder  Wage.     Tkm  va«d  i»  alB»  «miI  kt 
ik«w*n.  ibt.  ftad  lae  SECa  b  cntpMiv^  ia  dkctneal  e 
TIm  di>v<n  4^  S.  rtmudtmw  ^tiv  aadLar  ppj^pectao  »  tiuac  of  & 
aad  arc  ^Aixal  ia  eke  Uoisai  Scats  Ptttfoueof;*] 

Trw0$tmm ^wfiJmtmm  s»  %  BLiJi  pnnrxri-re  sad 
fcsr«  b««n  xwd  M  a  sabadcaae  f'X-  <«deir. 

kM  a  r^rr  acrid  iaaer  bttrk.  I:  »  ioiB«cim«»  ononiderai  at  m  thIcmiL. — T. 
Oamkuy  xbtt  Goftlder-nne,  is  er:«aMalT  reeanied  m  CHKfiit  aad  catkartk." 
y.  tamxMfMdn.  Tbe  Uarres  of  ckis  plant,  mix^  with  tkaw  of  Primm  gUber 
(  A*pnft4iajoem)^  9n^  empiojcd  in  Xorth  Am«nca  as  a  sabstitate  for  Tea,  aader 
Ok  nam*  4f  AppaUefaiaa 'Tea  (»e/*rian«).  The  Uack  firaits  of  dha  Hiaa- 
la/a  efi^ftiea  are  edible  and  agneabk. 


Nfttnral  Order  123.     Rcbiace^  ->  The  Mibdder  Oid«r.— 
Ar*c  ter. — Tree*,  «^ni^  or  A«r&s.  ;^eiiw  rounded  or  ai^pdtf. 


Lfnixi  Bimple,  entire,  imd  either  oppoaite  u)d  with  interpetiolAr 
stipules  {fig.  377),  or  whorlad  &nd  exstipulate  {fig.  281).  It^ 
reacenre  cymoae.    Calyx  superior  {figt.  966,  cal,  and  966,  6),  with 
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the  limb  4— 6-toothed,  or  entire,  or  obsolete.  CoroUa  monopeta- 
lous,  regular,  tubuUr  or  rotate,  with  ita  lobes  correspouding  in 
number  to  iiie  teeth  of  the  calys.  Stamens  inserted  upon  the 
corolla  and  equal  in  number  to,  and  alternate  with,  its  lobes 
(fig.  964),  Qrary  inferior  (Jigt.  9G5  and  966),  crowned  by  a  disk, 
usually  2-ce!led  (fig.  964),  or  Bometimes  manyn^lled  ;  Hylt  1  or 
2  (figt.  965  and  966,  at),  sometimes  slightly  divided;  if ijjnui  simple 
or  divided.  Frtiil  inferior,  2-oelled  or  rarely  many-celled,  dry 
or  succulent,  indehiscent  or  separating  into  two  or  more  diy 
cocci.  Seeds  1  (fig.  967),  2,  or  more,  in  each  cell,  when  few  they 
are  erect  or  ascending,  or  when  numerous,  then  attached  to  azile 
placentas  ;  tmbryo  small,  in  homy  albumen  {fig.  967,  a)- 

Diagnosii. — Trees,  phrubs,  or  herbs,  with  opposite  simple 
entire  leaves,  inierpetiolar  stipules,  and  rounded  stems  ;  or  with 
whoried  exstipulate  leaves,  and  angular  stems.  Calyx  superior. 
Corolla  regular,  epigynous.  Stamens  equal  in  number  to  the 
teeth  of  the  calyx  and  segments  of  tbe  corolla,  with  the  latter 
of  which  they  are  alternate,  epipetalous.  Ovary  inferior,  2  or 
more  celled.  Fruit  inferior.  Seeds  1  or  more  in  each  cell, 
with  homy  albumen. 

Dimiion  o/  the  Order. — This  order  was  separated  by  Lindley 
into  two  orders,  the  Citi^Aoiuiceie  and  the  Oaiiactx  or  SteUatx, 
an  arrangement  adopted  by  us  in  previous  editions,  but  now 
abandoned  as  not  in  accordance  with  the  more  generally  accepted 
views  of  botanists.  The  Gaiiacex  o!  Lindley  were  distinguished 
from  the  Cinchonacese  by  their  whoried  exstipulate  leaves  and 
angular  stems.  (Some  botanists  r^ard  these  whorls  aa 
formed  partly  of  leaves  and  partly  of  stipules  resembling  the 
true  leaves  in  outline  and  appearance.)    The  order  RiMammJ^m 
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now  divided  by  Hooker  and  Bentham  into  three  series,  each  of 
which  is  divided  into  sub-series  and  tribes.  The  Chduteem  of 
lindley  are  natives  of  the  northern  parts  of  the  northern  hemi- 
sphere, and  the  mountains  of  the  southern ;  while  the  Cineha^ 
nacesB  are  almost  exclusively  natives  of  tropical  and  warm  regions. 
There  are  about  3,000  species  in  the  Rubiacem  as  defined  above. 
Properties  and  Uses, — The  properties  of  the  plants  of  this 
extensive  order  are  very  important  to  man,  furnishing  him  with 
many  valuable  medicinal  agents,  as  well  as  substances  useful  in 
the  arts  and  domestic  economy.  Thus,  many  possess  tonic, 
febrifugal,  astringent,  emetic,  or  purgative  properties;  some 
are  diuretic  and  emmenagogue  ;  a  few  are  valuable  dyeing  and 
tanning  agents  ;  and  others  have  edible  fruits  and  seeds.  Some 
are  reputed  to  possess  intoxicating,  and  in  rare  cases  even 
poisonous,  properties.  Various  species  are  also  cultivated  in 
our  stoves  on  account  of  the  beauty  and  fragrance  of  their 
flowers. 

CephcL&U  Ipecaeuanha, — The  root  of  this  plant,  which  is  a  native  c£ 
Brazil  and  New  Granada,  is  termed  annulated  Ipeeaeuauha.  In  Brazil  this, 
as  well  as  other  emetic  roots,  are  known  imder  the  same  name,  Poaya,  The 
.Ipecacuanha  plant  has  become  somewhat  scarce  in  Brazil,  but  is  now  beine 
cultivated  in  India,  but  hitherto  not  with  much  succem.  It  is  the  officiiS 
Ipecacuanha  of  the  British,  Indian,  and  United  States  Pharmacopoeias.  It 
contains  an  alkaloid  called  emetia^  to  which  its  properties  are  principally  due. 
Ipecacuanha  possesses  emetic  and  purgative  properties  in  large  doaes,  and  in 
small  doses  it  is  expectorant  and  diaphoretic     It  is  also  sedative. 

Cinchona. — The  plants  of  this  ^enus  are  natives  exclusively  of  the  inter- 
tropical valleys  of  the  Andes,  and  principally  on  the  eastern  face  of  the  Cor- 
dilleras, growing  commonly  at  heights  varying  from  about  4,000  to  nearly 
12,000  feet  above  the  level  of  the  sea.  The  Cinchona  re^on  extends  from 
Santa  Cruz  de  la  Sierra,  in  Bolivia,  about  19^  S.  lat.,  through  Pern  and 
Columbia,  nearly  to  Caracas,  in  about  10°  of  N.  lat.  The  Cinchonas  are 
small  shrubs,  or  large  forest  trees,  with  evergreen  leaves,  and  commonly 
showy  flowers.  They  appear  to  require  great  moisture,  and  a  mean  t^npe- 
rature  of  about  62^.  The  bark  of  several  species  and  varieties  is  extensively 
imported  into  this  country,  under  the  names  of  Cinchona,  Pervman,  or 
JcBuitB'  Bark,  Some  few  years  since,  in  consequence  of  the  great  destructio  n 
of  Cinchona  trees  in  South  America,  and  from  no  care  being  taken  in 
rt-placing  them,  it  was  feared  that  in  a  short  time  our  supply  of  this  most 
valuable  bark  would  have  seriouslv  fallen  ofl^,  or,  even  entirely  failed ;  but, 
thanks  to  the  energetic  labours  of  Messrs.  Markham,  Spruce,  Mclvor,  Wilf  on, 
and  others,  the  more  valuable  species  have  been  transported  to  India,  Jamaica, 
Java,  and  elsewhere,  and  are  now  cultivated  in  these  countries  (more  especi- 
ally in  India)  over  large  areas,  with  great  success,  so  that  we  need  no  longer 
fear  any  deficiency  of  supply  in  future  years.  A  large  number  of  commercial 
varieties  of  Cinchona  barks  have  been  described  by  Pereira,  Weddell, 
Howard,  and  others,  for  a  description  of  which  we  must  refer  to  works  on 
Materia  Medica.  About  fifteen  species  of  Cinchona  are  known  to  yield  com- 
mercial barks,  and  of  these,  four  are  ofiicial  in  the  British  Pharmacopoeia ; 
these  are  the  only  ones  we  have  space  to  refer  to  here.  They  are  C.  CaUMLyOj 
Weddell ;  C,  Condaminea,  D.C.  ( C.  officinaliM,  Linn.),  van.  Cht^uargmera, 
Pavon,  and  crispa,  Tafalla ;  C.  succirulra,  Pavon ;  and  C.  laneifoHa^  Mutis. 
Of  these  species,  the  first  three  respectively  yield  the  ofiicial  Yellow  Cmcbona 
Bark,  Pale  Cinchona  Bark,  and  Red  Cinchona  Bark ;  and  from  the  latter 
species  is  derived  the  bark  which  is  commonly  known  as  Coquetta  bsrk ; 
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and  which  is  placed  in  the  British  Pharmooopc&ia  as  one  of  the  sources  of 
sulphate  of  qiiinia.  Several  alkaloids  have  been  described  as  constituents 
of  the  different  kinds  of  Cinchona  barks  in  varying  proportions ;  but  by  far 
the  more  important  are  QuiniOf  Cinchonia^  Qvinidm^  and  Cinchonidia,  *The 
former  in,  however,  alone  official,  and  is  generally  regarded  as  the  moet 
valuable  of  them  all ;  but  they  are  all  more  or  lein  used  in  medicine,  and 
possess,  in  an  eminent  degree,  antiperiodic,  febrifuge,  and  tonic  properties. 
The  barks  themselves,  in  addition  to  such  properties,  are  also  somewhat 
astringent,  and  in  some  cases  have  been  found  to  be  efficacious  as  topical 
astringents  and  antiseptac9. 

Coffea  ambiccL,  the  CoflTee  Plant. — The  seeds  of  this  plant,  when  roasted, 
are  used  in  the  preparation  of  that  most  valuable  unfermented  beverage— 
coffee.  When  roasted,  coffee  essentially  consists  of  the  albumen  of  the  seed. 
Coffee  owes  its  properties  chiefly  to  the  presence  of  ca/fnn,  which  is  identical 
with  thein  (see  Thea,  p.  467),  and  to  a  volatile  oil.  About  40  millions  of 
pounds  are  annually  consumed  in  this  country',  and  the  consumption  for  the 
whole  world  has  been  estimated  at  about  1,200  millions  of  pounds.  In 
Sumatra  and  some  of  the  adjoining  islands,  an  infusion  of  the  roasted  leaves  is 
UAcd  as  a  substitute  for  Tea,  under  the  name  of  Coffee  Tea.  The  leaf  contains 
similar  ingredients  to  the  se^s,  and  possesses  therefore  analogous  properties. 
Medicinally,  coffee  has  been  also  used  with  frequently  beneficial  effects  as  a 
nervine  stimulant  and  astringent.  In  its  effects  and  uses  it  closely  resembles 
tea,  but  its  aj«tringent  act  ion  is  much  less.  Besides  C.  arabica^  the  seeds  of 
other  species  have  similar  properties,  thus,  C.  mauritiana  of  Bourbon  and 
Mauritius  C.  zanguebarica  of  Mozambique,  and  especially  C.  liberiea,  a 
native  of  the  West  Coast  of  Africa.  This  last  species  is  now  largely  culti- 
vated, and  becoming  a  ver}*  important  source  of  cofiee  ;  it  bids  fair  to  sup- 
plant C  arabica  in  many  tropical  countries.  It  is  a  larger  and  more  robust 
plant,  and  flourishes  at  a  lower  elevation ;  and  the  seeds  are  larger  and  of  a 
finer  flavour.  It  affords  the  kind  of  coffee  known  as  Liberian  or  Manrovian, 
Qtprotma. — ^The  fruits  of  C.  microphyUa  and  other  species  are  eaten  in 
Australia,  where  the^  are  called  Native  Currants.  In  New  Zealand  the 
leaves  of  C  fatidUnma  are  used  by  the  priests  to  discover  the  will  of  the 
gods. 

GcUivm. — G,  Aparine^  Goose-grass  or  Cleavers.— The  inspissated  juice 
or  extract  of  this  plant  has  been  used  with  success  in  lepra  and  some  other 
cutaneous  diseases.  Its  roasted  seeds  have  been  employed  as  a  substitute 
for  coffee.  The  extracts  of  G.  rigidum  and  G,  Mollugo'have  been  used  with 
beneficial  results  in  epilepsy. 

Gardenia, — From  the  fruits  of  G.grandiflorOf  G.jlorida^  and  G.  radicans, 
beautiful  yellow  dyes  are  prepared,  which  are  extensively  used  in  China  and 
Japan. — G.  lucida  and  G.  gummiferOf  natives  of  India,  yield  a  resinous 
exudation,  which  is  said  to  be  antispasmodic. 

Genipcu — Tlie  fruit  of  some  species  is  edible ;  that  of  G»  americanOf  the 
Lana  tree,  is  the  Gentpap  of  South  America.  In  British  Guiana,  a  bluish- 
black  dye  called  Lana  dye,  is  prepared  from  the  juice  of  the  flruit.  The 
fruit  of  G.  bratilieruM  also  furnishes  a  violet  dye. 

Guettarda  speciota. — This  plant  is  said  by  some  to  furnish  the  Zebra* 
wood  of  cabinet  makers,  but,  according  to  Schomburgk,  this  is  the  pro- 
duce of  Omphalnbium  lAimbertii^  a  native  of  Guiana.  (See  Omphaiobium.) 
Tortoute-wood  is  also  sometimes  considered  to  be  derived  from  a  variety  of 
G.  tpeeiota, 

Morinda  — ^The  roots  of  M.  citrifolia  and  M,  finetoria  are  used  in  India 
and  some  other  parts  of  Asia  for  dyeing  red.  They  have  been  occasionally 
imported  into  this  country,  under  the  names  of  Madder,  Munjeet,  and  Chay- 
root ;  but  such  names  are  improperly  applied  to  them.  (See  Oldetdatuua 
and  Rvbia,)  The  flowers  of  species  of  Morinda  are  also  employed  in  India 
for  dyeing,  mixed  with  those  of  Gritlea  tamentoia.    (See  Gridu,) 
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Ofdenlandia  umbeilata. — The  root  is  occasionally  imported  from  Indit 
under  the  name  of  CKay  or  Che  root.  (See  Morindcu)  It  is  employed  to 
dye  red,  purple,  and  orange-brown.  The  colouring  matter  is  confined  to 
the  bark. 

Palicurea  dennflora^  a  native  of  Bolivia,  &c.,  is  stated  to  yield  the  bark 
now  known  in  commerce  as  *  Goto  Bark,'  and  which  is  reputed  to  be  a  valuable 
remedy  in  diarrhoea,  rheumatism,  ^out,  &c.    It  is  said  to  owe  its  active  pro- 

EBrties  to  a  peculiar  crystalline  substance  named  eotoin.    Nothing  certain, 
owever,  is  known  of  the  botanical  source  of  Goto  Bark.    Moreover,  other 
barks  under  the  same  name  are  now  found  in  commerce. 

Ptychotria. — The  root  of  P.  emetica  is  called  black  or  large  striated  Ipeca- 
cuanha, It  is  occasionally  imported,  but  not  used  in  this  countr}*.  It  would 
appear  that  there  are  two  spurious  kinds  of  Ipecacuanha  which  have  been 
described  under  the  name  of  Striated, — one  being  derived  from  this  plant ; 
but  the  botanical  source  of  the  other,  which  is  known  as  small  striated  Ipe- 
cacuanha^ is  undetermined,  although  doubtless  from  a  nearly  allied  species, 
according  to  Planchon,  a  species  of  Richardsonia,  Both  these  species  possess 
emetic  properties  like  the  roots  of  Cephaelis  Ipecacuanha  and  liiehanbonia 
scabra^  but  they  are  far  less  active.  They  contain  emetia.  The  roasted 
seeds  of  P.  hertacea  have  been  used  as  a  substitute  for  coffee. 

Eichardsonia  scabra, — ^The  root  is  emetic.  It  contains  the  same  active 
principle,  namely,  emetia^  as  that  of  the  ofiicial  annulated  Ipecaeuamha 
root^  from  Cephai'lis  Ipecacuanha^  but  it  is  not  so  active.  It  is  commonly 
known  as  undulated,  white,  or  amylaceous  Ipecacuanha,  It  is  not  used  in 
this  countrA*. 

Rubia.-^R.  tinctorum. — The  dried  root  is  known  under  the  name  of 
Madder,  and  is  one  of  the  most  important  of  vegetable  dyes.  It  is  largely  cul- 
tivated in  France,  Holland,  and  other  countries.  In  France  it  is  known  under 
the  name  of  Garance,  In  the  Levant  R.  peregrina  is  also  cultivated,  and 
vields  Levant  Madder  ;  the  roots  are  also  called  Turkey-roots  in  commerce. 
Madder  is  imported  in  two  forms,  namely,  entire,  and  in  a  ground  state. 
There  are  four  kinds  of  Dutch  Madder,  known  respectively  as  crop  (the 
best),  ombro^  gamene,  and  mull  (the  worst).  In  the  living  state,  madder- 
root  only  contains  a  yellow  colouring  principle,  called  rubian  ;  but  no  less 
than  five  colouring  matters  have  been  obtained  from  the  root  of  commerce, 
called  respectively  madder  purole  (purpurin),  red  {alizarin),  oranqe,  yeihw, 
and  brown  ;  it  would  appear,  therefore,  that  these  latter  must  be  all  derived 
from  the  single  yellow  colouring  principle.  Alizarin  is  by  far  the  most 
valuable  of  these  colouring  substances.  Besides  its  use  as  a  dyeing  material, 
Madder  was  long  employed  in  medicine  as  a  tonic  and  diuretic,  and  was 
also  regarded  as  a  valuable  emmenagogue  ;  its  virtues,  however,  as  a  medi- 
cine are  very  trifling,  and  it  is  no  longer  emploved  by  the  medical  practi- 
tioner. Besides  the  roots  of  R.  tinctorum  and  jR.  peregrina,  those  of  other 
species  are  likewise  employed  in  different  parts  of  the  world  for  dveing : 
thus,  the  roots  of  R,  cordiiolia  or  Munjinta,  a  native  of  the  East  Indies,  are 
used  in  Bengal,  kc,  and  are  occasionally  imported  into  this  country  under 
the  name  of  munjeet.  The  roots  of  R.  Relboun  are  also  employed  in  Qiili 
for  dyeing. 

Sarcocephalus  esculentus. — The  fruit  is  the  Sierra  I.<eone  Peach. 

Uncaria  Gambier. — An  extract  prepared  from  the  leaves  and  young 
shoots  of  this  plant  constitutes  the  kind  of  Catechu  which  is  known  in  com- 
merce as  Gambir,  Gambier,  or  Paie  Catechu,  and  Terra  Japonica,  and  by 
druggists  as  Catechu  in  square  cakes.  In  the  British  Pharmacopoeia  and 
Pharmacopoeia  of  India  it  is  ofiicial  under  the  name  of  Cate<^u  PaUidum, 
It  is  one  of  the  most  powerful  of  astringents,  and  is  extensively  employed  in 
tanning  and  dyeing,  and  also  in  medicine.  Pale  Catechu  is  also  largely 
consumed  in  the  East,  as  it  forms  one  of  the  ingredients  in  the  famed  masti- 
catory called  BettL'-^U.  aclda  als?  yields  a  portion  of  the  Gambier  of 
commerce. 
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Natural  Order  124.  CoLUMBLLiACEiE.  — The  Cohunellia  Order. 
^Character. — Evergreen  shrriba  or  trees.  Leaves  opposite^ 
exstipulate.  Flowers  unsymmetrical,  yellow,  terminal.  Calyx 
superior,  5-parted.  CoroUa  nionopetalous,  rotate,  5 — 8-parted, 
imbricate.  Stamens  2,  epipetaloua ;  anthers  sinuous,  with 
longitudinal  dehiscence.  Ovary  inferior,  2-celled,  surmounted 
by  a  fleshy  diKk.  Fruit  capsular,  2-celled,  many- seeded.  Seeds 
with  fleshy  albumen. 

Distrli/iitiony  Examples^  and  Numbers. — Na- 
tives of  Mexico  and  Peru.  It  only  contains  the 
genua  Colnmelliaj  which  includes  3  species. 

Properties  and  Uses. — Unknown. 

Natural  Order  125.  Yai£R1avac}&m. — The 
Valerian  Order. — Character. — Herbs.  Leaves 
opposite,  exstipulate.  Flowers  cymose,  herma- 
phrodite {figs.  489  and  490)  or  rarely  unisexual. 
Calyx  superior  (figs.  489,  ?,  and  968,  ca),  with 
the  limb  obsolete,  or  membranous,  or  pappose. 
C(/rolla  monopetalous  (Jigs.  489  and  490),  tubular, 
imbricate,  3 — 6-lobed,  regular  or  irregular,  some- 
times spurred  at  the  base  (fi^.  490).  Stamens  1 — 
6,  inserted  upon  the  corolla  (fi>gs.  489  and  490). 
Ovary  inferior  (figs.  489,  o,  490,  and  968),  with  1 
fertile  cell,  and  usually  2  abortive  or  empty  ones. 
Fruit  dry  and  indehiscent,  frequently  pappose 
(fig.4(j2).  ^e(/ solitary,  suspended,  exalbuminous;  ^Jf^n  If^Si 
radicle  superior.  ovary,    &c.,   of 

IHstriMition,  Examples,  and  Numlpers.  — Chiefly  *^«  ^^^  Valerian 
natives  of  the  temperate  parts  of  Europe,  Asia,  LrT'^^Suyx! 
and  America  ;  they  are  rare  in  Africa.  Examples  to.  Cknroiia.  «ry. 
of  the  Genera  ;— Centranthus,  Valeriana.  There  ^^^^'  ov.Omie. 
are  about  180  species. 

Properties  and  Uses. — They  are  chiefly  remarkable  for  the 
presence  of  a  strong-scented  volatile  oil,  which  renders  them 
stimulant,  antispasmodic,  and  tonic.  Some  are  highly  esteemed 
in  the  East  as  perfumes,  but  they  are  not  generaUy  considered 
agreeable  by  Eiu*opeans. 

Nardnatachys  Jatamami  is  commonly  re;;arded  as  the  Nardus  indieu$, 
the  true  Spikenard  of  the  ancients.  It  is  the  A^ard  of  the  Hebrews,  and 
the  NardoB  of  the  Greeks.  It  is  much  esteemed  in  India  both  as  a  perfume, 
And  as  a  remedial  agent  in  epilepsy  and  hysteria.  In  some  districts,  as  Leh, 
its  chief  use  is  for  incense. 

Valerianellu  olitoria. — The  young  leaves  are  occasionally  used  as  a  salad 
both  on  the  Continent  and  in  England.  In  France  thev  are  known  under 
the  name  of  Mache^  and  in  England  by  that  of  Iximb^»  Lettuce. 

Valeriana.— The  root  of  V.  offvcinali$  ia  the  official  Valerian  of  the 
British  Pharmacopoeia.  It  is  much  employed  as  a  nervine  tonic,  stimulant, 
and  antispasmodic.  The  roots  of  V.  Dinscoridis,  V.  Phu,  V.  celtica,  V. 
Hardwickiiy  V.  sitchenaia^  and  other  8i>ecies,  have  similar  properties.  V, 
aitchenaia  is  most  eateemed  in  Kussia. 
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Natural  Order  126.  Dipjiacacejs.— The  Teazel  Order. — 
Character. — Herbs  or  undershruha.  Leaves  opposite  or  verti- 
cillate,  exstipulate.   Flowers  in  dense  heads  (capitula)  {fig.  423), 

surrounded  by  an  involucre. 
Fig.  969.  Fio.  970.       Calyx  {fig,  970)   superior, 

with  a  membranous  or  pap- 
pose limb,  and  surrounded 
by  an  involuoel.  Corolla 
{fig-  970)  tubular,  mono- 
petalous,  the  limb  4 — 5- 
lobed,  generally  irregular 
{figs.  423  and  970),  and 
with  an  imbricate  nstiya- 
tion.  Stamens  4,  epipetal- 
ous  {fig.  970);  anii^  dis- 
tinct. Ovary  inferior  {fig, 
970),  1-celled ;  ovule  solitary 
{fig.  970),  pendulous ;  sty^e 
and  stigma  simple.  Fruit 
dry,  indehiscent,  surmount- 
ed by  the  pappose   calyx 

Fii^.  969.  Fniit  of  Seahioia  purpurea,  snr-  (^^-  f\  and  969).  Seed 
mounted  by  the  pappose  calyx. Fig.  970.  Wltn  flesny  albumen  ;  em- 
One  of  the  central  florets  of  the  capituium    hryo  straight ;  radicle  supe- 

of  Scabiom  purpurea,  with  the  orary,  4ic,     -;^-. 

cut  vertically.  r^.      .,      .  ^ 

Dtstnbutton,  Examples^ 

and  Numbers.— Chiefiy  natives  of  the  South  of  Europe,  and  of 
North  and  South  Africa.  A  few  species  are  found  in  this 
country.  Examples  of  the  Genera : — Dipsacus,  Knautia,  Sca- 
biosa.     There  are  about  175  species. 

Properties  and  Uses.—  Some  are  reputed  to  possess  astringent 
and  febrifugal  properties,  but  as  remedial  agents  they  are  ^to- 
gether unimportant  Dipsaciis  FuUonum  is,  however,  an  im- 
portant economical  species. 

Dipsacuh  FuUonum.  Fuller's  Teazel. — ^The  dried  capitnla  are  used  by 
fullers  in  dressing  cloth,  for  which  they  are  well  adaptad,  aa  their  hari 
stiff' hooked  bracts  raise  the  nap,  without*  tearing  the  stuff  like  metal  in- 
struments. In  1860  no  less  than  20,000,000  of  teazels  were  imported  into 
this  country  from  France. 

Scabiota  »ucci$a  is  called  the  DevilVbit .  Scabious,  on  account  of  its 
abruptly  terminated  rhizome  or  root.  It  is  said  to  be  astringent,  and  to 
yield  a  green  dye.  The  inflorescence  sometimes  developes  in  an  umbellate 
manner,  as  in  a  specimen  described  by  the  author,  in  the  Pharmacemticai 
Journal,  ser.  i.  vol.  xvii.  p.  868.  thus  exhibiting  a  marked  deviation  from  the 
development  in  capitula,  which  is  the  ordinary  arrangement  in  the  plants 
of  this  order. 

Natural  Order  127.  Calycerace^. — The  Calycera  Order. — 
Character. — Herbs.  Leaves  alternate,  exstipulate.  Flowers 
in  capitula,  surrounded  by  an  involucre.     Calyx  superior,  irre* 
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giilar,  S-lobed.  Corolla  motiopetftlous ;  r^iikr,  v&IvAte,  6-lobed. 
iSfiimtriK  5,  epijietaluus  ;  JUanuHlt  nionadolphouB ;  anthen  par- 
tially united.  Orurif  inferior,  1-celled  ;  onJc  anlitai?,  penduloiu. 
Fntit  indeliiscent.  Setd  aulitaiy,  p«iiduloiu,  with  fleshy  ftlbniuen  ; 
radirle  superior. 

D'ntyiuHiit.  —Tliese  plants  hold  an  intermediate  ponition  between 
Dipsacaceie  Rnd  CuiiijiuBita!,  being  distingiUHhed  from  the  fonaer 
bj  their  alt(;rnate  leaves,  absence  of  invoTttcel  to  their  individual 
florets,  valvata  aistiTation  of  corolla,  nionadelphoiw  fiiament», 
and  partially  united  anthers  ;  and  from  the  CumpositEe  in  their 
anthers  being  only  partially  united,  and  in  their  pendulous 
albuniiiiouH  neeii,  and  su|ierior  radicle. 

Tfintriliiitioii,  Ejuimiilfi,  and  A'unJwr*. — Excluairely  nativea 
of  South  America,  especially  the  co-.lor  parts.  Exnmyin  of  Iht 
(rf)i«ni: — Calycera,  Leucocarpiis.     There  are  about  2U  species 

I'nipertka  and  (7w«.  — Unknown. 

Natural  Order  128.  Composite,— The  Comp'wite  Order.— 
Character. — Ilerlia  or  ihnii-a.     Learti  alttmate  or  opposite. 
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&nd  439),  whicli  aire  commonly  anrrounded  by  an  involucre 
formed  of  a  number  of  imbricat«d  bracts  (phyllarUi)  {jig.  304); 
the  ioparatti  florets  are  alao  frequently  fumiBbed  with  membra- 
noui  or  acale-like  bractlets  (paUa)  (Jig.  399,  6,  b).  Caii/x  supe- 
rior (^<.  971-973),  its  limb  either  entirely  abortive  {Jig.  *6<)) 
or  inembranoiu  {Jig.  4S1)  ;  in  the  Utter  caae  it  is  entire,  or 
toothed,  or  pappose — that  is,  divided  iiito  bristles,  or  simple,  or 
branched,  or  featliery  hair-like  processes  (Jig.  972,  a).  CoTnlla 
moDopetalouB  {Jigs.  971-973),  tubutur  {Jig.  4(iO),  ligulate  (Jig. 
973),  or  bilabiate  {Jig.  971),  4— 5-toothed,  with  a  valvate  leativa- 
tion.  Utamena  {figt.  971-973,  e)  6  or  rarely  4,  inserted  on  the 
corolla,  and  alternate  with  its  divisions  ;  ^amtiiU  distinct  or 
monadetphoiu  ;  anthtri  united  into  a  tube  {>yngnit,>unui  or  «T/t(- 
aiiihermu)  {Jig.  543),  which  ia  perforated  by  the  style  (Jig.  973). 
Oniri/ inferior,  l-celled,  withl  erect  ovule  (^.972);  ityi«l,  undi- 


vided below,  and  commonly  bifid  above  (^t;.  973) .  gl\g7t%as  2,  one 
being  usually  placed  on  the  inner  surface  of  each  division  of  the 
style  {Jig.  975).  Frvit  dry,  indehiscent,  l-celle<l,  crowned  by  the 
limb  of  the  calyx,  which  is  often  pappose  (fg.  974).  Sttd  {fig. 
974)  solitary,  erect,  exalbnniinoiis  ;  nidicle  iiierior  {Jig.  974,  e). 
Diagnotis. — Herbs orshrubs, with ezstipulateleavea.  Flowers 
(called  florets)  arranged  in  dense  capitula,  which  are  commonly 
surrounded  by  an  involucre.  Calyx  superior,  its  limb  abortive,  or 
membranous,  or  pappose.  Corolla  inonopetaloua,  4 — 5-toothed, 
with  valvate  tettivation.  Stamens  epipetalons,  equal  in  num- 
ber to  the  divisions  of  the  corolla  (generally  5),  and  alternate 
witJi  them ;  anthen  ajngeneaiouB.  Ovaiy  inferior,  l-ceUed,  widi 
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1  erect  oviile  ;  style  nimple,  bifid  above.  Fruit  1-celIed,  dry, 
indehiscent.  Seed  solitary,  erect,  exalbiiminoiis;  radicle  inferior. 
Divisions  of  the  Order  and  Examples  of  the  Genera. — This 
order  has  been  variously  divided  by  authors.  By  Linnaeus, 
tlie  plants  of  his  class  Symjenesui,  division  PoJyfjamia  (which 
corresponded  to  the  Natural  Order  Compositie  as  above  defined), 
were  arranged  in  five  orders,  under  the  names  of  Polygamia 
ir/juaUs,  F.  mii)erflna^  P.  frxistranea^  P.  vecessaria^  and  P,  seyre- 
gata.  The  characters  of  these  have  been  already  stated  at 
j»age  406.  Jussieu  separated  the  Compositae  into  three  sub-orders 
tis  follows  : — 1.  Corymhiferfe,  the  plants  of  which  have  either  all 
tubular  (liosculous)  and  perfect  florets  ;  or  those  of  the  disk 
(centre)  tubular  and  perfect,  and  those  of  the  ray  (circumference) 
tubular  and  pistilliferous,  or  ligulate  (radiant).  2.  Cyimroce- 
phul/e^  the  florets  of  which  are  all  tubular  and  perfect  ;  or  those 
in  the  centre  perfect,  and  those  of  the  ray  neuter.  And  3. 
Clchrractsp,  having  all  the  florets  ligulate  and  perfect.  A  fourth 
sub-order  was  afterwards  added,  called  LahiatifioTse,  which 
includes  those  plants  the  florets  of  which  were  bilabiate,  and 
which  were  unknown  to  Jussieu.  The  arrangement  most 
frequently  adopted  at  the  present  day  is  that  of  De  Candolle  ; 
this  was  foimded  on  that  of  Lessing.     It  is  as  follows  : — 

Sub-order  1.  TnhuUpyroe. — Florets  tubular  or  ligulate,  either 
perfect,  unisexual,  or  neuter.  Perfect  florets  tubular.  This 
8\i])-order  includes  the  Canjmhiferie  and  CyriarocephalsR  of 
Jussieu.     It  has  been  divided  into  five  tribes  : — 

Tribe  1.  Venumiese, — Style  cylindrical  ;  its  arms  generally  long 
and  subulate,  sometimes  short  and  blunt,  always  covered 
all  over  with  bristles  {fig.  975,  1).  Excimples: — Vemonia, 
Elephantopus. 

Tribe  2.  J&itpafori^a?.— Style  cylindrical ;  its  arms  long  and 
somewhat  clavate,  with  a  papillose  surface  on  the  outside 
near  the  end  {fig.  975,  2).  Examples : — Eupatorium,  Tussilago. 

Tribe  3.  Asteroidese. — Style  cylindrical ;  its  arms  linear,  flat 
on  the  outside,  equally  and  finely  downy  on  the  inside  {Jig, 
975,  3).     Examples  : — Erigeron,  Bellis. 

Tribe  4.  Senecioule^. — Style  cylindrical ;  its  arms  linear,  fringed 
at  the  point,  generally  truncate,  but  sometimes  extended 
beyond  the  fringe  into  a  short  cone  or  appendage  of  some 
kind  {Jig.  975,  4  and  5).     Examples : — Anthemis,  Senecio. 

The  above  four  tribes  correspond  to  the  sub-order  Corymhiferai 
of  Jussieu  ;  the  next  or  fifth  tribe  to  the  Cynarocepliat^  of  the 
same  author. 

Tribe  5.  Cynarex. — Style  thickened  above,  and  often  with  a 
bunch  or  fringe  of  hairs  at  the  enlarged  portion  ;  its  branches 
united  or  free  {fig.  976,  6).  Examples : — Calendula,  Centaurea. 

Sub-order  2.  Labiatifiorx. — Florets  with  bilabiate  corollas, 
perfect  or  unisexual.   Of  this  sub-order  we  have  two  tribes  :— 
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Tribe  6.  Mutimese, — Style  cylindrical  or  somewhat  swollen  ; 
its  arms  usually  blunt  or  truncate,  very  convex  on  the  outside, 
and  either  covered  at  the  upper  part  by  a  fine  uniform  hairi- 
ness, or  absolutely  free  from  hairs  {fig,  975,  7).  Examples : — 
Mutisia,  Printzia. 

Tribe  7.  Nassaviex. — Style  never  swollen  ;  its  arms  long,  linear, 
truncate,  and  fringed  only  at  the  point  (fig,  975,  8).  J&x- 
ampks  : — Nassavia,  Trixis. 

Sub-order  3.    LiguUflorge. — Florets   all  ligulate  and    perfect. 

Juice  milky.     This  corresponds  to  the  Cichoracex  of  Jussieu. 
Tribe  8.  Cichorese.  — Style  cylindrical  at   the  upper  part ;    its 

arms  somewhat  obtuse,  and  equally  pubescent.     Examples : — 

Cichorium,  Hieraciura. 
By  Bentham  the  Compositse  are  divided  into  thirteen  tribes. 

Diidrihuiion  a7id  Numher8.—\JmveTsa.llj  distributed  ;  but  the 
Tuhidiflorx  are  most  abundant  in  hot  climates,  and  the  Lig^diflorx 
in  cold.  The  Labiatiflorse  are  almost  entirely  confined  to  the 
extra-tropical  regions  of  South  America.  In  the  northern  parts 
of  the  world  the  plants  of  this  order  are  universally  herbaceous  ; 
but  in  South  America  and  some  other  parts  of  the  southern 
hemisphere,  they  occasionally  become  shrubby,  or  even  in  some 
cases  arborescent.  Some  years  since  there  were  about  9,600 
species  according  to  M.  Las^gue,  who  remarks  *  that  they  have 
steadily  continued  to  constitute  about  one- tenth  of  all  described 
plants,  in  proportion  as  our  knowledge  of  species  has  advanced. 
Thus  Linnreus  had  785  Composites  out  of  8,500  species  ;  in  1809 
the  proportion  was,  2,800  to  27,000  ;  De  Candolle  described  8,523 
in  the  year  1838,  which  was  again  a  tenth  ;.  and  now  (1846)  that 
the  estimate  of  species  has  risen  to  95,000,  Composite  plants 
amount  to  9,500.'  Lindley  estimated  the  order  to  contain  about 
9,000  species. 

Properties  and  Uses. — The  properties  of  the  Composite  are 
variable.  A  bitter  principle  pervades  the  greater  number  of  the 
species  in  a  more  or  less  evident  degree,  by  which  they  are 
rendered  tonic.  Some  are  laxative  and  anthelmintic.  Many 
contain  a  volatile  oil,  which  communicates  aromatic,  carminative, 
and  diaphoretic  properties.  Others  are  acrid  stimulants,  and 
the  Ligulxflorai  commonly  abound  in  a  bitter-tasted  milky  juice, 
which  is  sometimes  narcotic. 

Sub-order  1.  Tubuliflor.k. — The  plants  of  this  ?nb-order  are  chiefly 
remarkable  for  their  bitter,  tonic,  and  nromntic  projjerties ;  these  arc  due 
to  the  presence  of  a  bitter  principle,  and  a  volatile  oil.  Some  are  esculent 
vegetables. 

AchillsBa  mHkfolium  was  formerly  extolled  as  an  excellent  vulnermry 
and  styptic.  It  is  regarded  in  the  United  States  of  America,  where  the 
leaves  and  flowering  tops  are  official,  as  tonic,  stimulant,  sudorific,  and  anti- 
spasmodic. In  the  form  of  a  warm  infusion  they  are  also  emetic.  According 
to  Linnaeus,  this  plant  was  employed  in  his  time  in  Sweden,  to  increase  the 
intoxicating  properties  of  beer.    Formerly  this  herb  had  a  high  reputation  as 
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a  vulnerary  ;  hence  its  name  of  Noae-bleed. — A,  mntchata  Is  known  in 
Switzerland  as  '  foreflt  lady's  herb/  and  ba^  been  used  there  for  centuries 
an  a  stomachic  tonic.     It  is  also  termed  *  Iva.' 

Anacyclu*. — A.  Pynthrum^  Pellitory  of  Spain. — The  root  is  official  ;  it 
is  employed  as  an  energetic  local  irritant  and  sialagogue,  in  toothache, 
relaxation  of  the  uvula,  fic. — A.  officinamm  of  Hayne,  German  Pellitory, 
has  similar  ])rr)porties.     The  root  is  conmionly  used  in  Germany. 

Anthemig  iu*bUi»^  Chamomile  or  Camomile. — This  plant  is  extensively 
cultivated  for  the  sake  of  its  rtower-head*,  which  are  official,  and  much 
employed  internally  for  their  stimulant,  tonic,  and  antispasmodic  propeities ; 
and  also  externally  for  fomentations.  The  flowers  constitute  the  Koman 
or  True  Chamomiles  of  the  Materia  Medica.  The  oil  of  Chamomile  is  also 
much  used  as  a  remedy  in  flatulence,  and  as  an  addition  to  purgative  pills 
to  prevent  their  griping  action. — A.  Cotula^  Mayweed,  has  similar  pro- 
perties, but  its  disagreeable  odour  is  an  obstacle  to  its  more  general  use. 

Ap'*f(tpptis  discoid-H8,  D.C.,  is  said  to  be  the  source  of  a  kind  of  Damiama, 
a  remedy  U!ie<i  in  the  United  States  as  an  aphrodisiac    (See  Turnera.) 

Afilotaxit  Lappa,  or  Aucklandia  Co»tu». — The  root  or  this  plant,  which 
is  a  native  of  Cashmere,  is  said  by  Falconer  to  be  the  Co»tu»  of  the  ancients. 
It  is  chiefly  used  as  a  perfume,  and  for  burning  as  incense.  It  is  also  em- 
ployed by  the  Chinese  as  an  aphrodisiac 

Arctium  Lappa. — The  root  is  emploved  in  the  United  States  of  America 
in  gouty,  rheumatic,  scrofulous,  and  otLer  ati'ections,  and  is  reputed  to  be 
a{>erient,  diuretic,  and  diaphoretic. 

Arnica  mnniana^  Mountain  Arnica,  Mountain  Tobacco,  or  Leopard's- 
banf.  is  an  acrid  stimulant.  The  flowers  and  rojt  have  been  employed  in 
typhoid  fevers,  amaurosis,  paralysis,  &c.  It  is  termed  on  the  Continent 
Panacea  lapsorum  from  the  power  it  possesses  of  absorbing  tumours  and 
destroying  the  ett'ects  of  bruises,  when  applied  externally.  Arnica  rhizome 
and  rootlets,  under  the  name  of  Arnica  root,  have  bten  mtroduced  into  the 
British  Pharmacopceia. 

Artemisia. — A.  Aluinthium, — The  dried  herb,  or  the  flowering  tops,  under 
the  name  of  Wnrmwoodf  is  used  as  an  aromatic  bitter  tonic,  and  as  an 
anthelinintic.  The  tops  and  leaves  are  official  in  the  United  States  Phar- 
mncopceia.  They  arc  also  employed  in  the  preparation  of  some  liqueurs  % 
particularly  of  one  now  verj'  largely  consumed  in  France  under  the  name  of 
*  ab^nthe,*  the  exct^ssive  use  of  which  is  attended  with  such  injurious  effects, 
that  they  have  been  designated  under  the  name  of  absinthigm,  and  although 
doubtless  these  are  mainly  due  to  the  alcohol  which  it  contains,  they  appear 
to  be  also  in  some  degree  attributable  to  the  volatile  oil  of  wormwood.— 
A.  chinensi$. — According  to  Lindley,  the  Chinese  and  Japanese  Moxas  are 
prepared  from  the  cottony  or  woolly  covering  of  the  leaves  of  this  and 
<tther  si^ecies. — A.  JJracuncu'us  is  the  Tarragon,  the  leaves  of  which  are 
sometimes  used  in  pickles,  salads,  &c. — ^.^i«ci/f»ra,  Weber  (^A.  maritima^ 
var.  Stechmanniana  of  Besser),  is  the  ])rincipal,  if  not  the  only  source  of  the 
oflicial  Santonica  of  the  British  Pharmacopoiia.  Santonica  is  the  produce 
of  Turke»tan,  and  is  known  as  Levant  or  Alexandrian  Wormseed.  It  comes 
to  England  by  way  of  Russia.  The  part  used  is  the  unexpanded  flower- 
head.  Santonica  owes  its  properties  essentially  to  the  presence  of  a  crystal- 
line neutral  principle  called  santonin^  which  is  also  official  in  the  British 
Pharmacopoeia.  Both  santonica  and  santonin  are  valuable  anthelmintics. 
Another  kind  of  wormseed,  very  inferior  to  the  above,  has  been  described  by 
piiarmacologists  under  the  name  of  Barbary  Wormseed.  Wormseed  is  also 
known  by  the  names  of  Semen  Santonicif  Semen  Gmtia,  Semen  Cynxj  &c. 

Berihehtia  lanctoiata  or  indica^  a  native  of  India,  has  aperient  leaves, 
wliiih  are  said  to  be  a  good  substitute  for  senna. 

Biumea  grandis  or  balsamifera,  a  common  weed  in  the  Tenasserim  pro- 
vinces of  the  Burman  Empire,  yields  a  kind  of  camphor.    It  is  also  in  use 


582  COMPOSITiR. 

in  China.  It  in  known  as  Blumea  or  iVgai  camphor.  In  China  it  is  used  in 
medicine,  and  for  perfuming;  the  tine  kinds  of  Chinese  ink. 

Caiendu'a  officinalis^  the  Marigold,  has  yellow  florets,  which  are  some- 
times einployedto  adulterate  saffron.  A  strong  tincture  of  the  flowers,  applied 
externally  to  wounds,  is  said  to  have  a  similar  effect  to  that  of  Arnica. 

Cardum,  the  Thistle. — Some  species  of  this  genus,  particularly  C.  frene- 
dictua^  have  been  used  as  tonics  and  febrifuges. 

Carihamu<i. —  C.  tinctorius^  SatHower  or  Bastard  Saffron. — ^The  florets  are 
used  in  the  preparation  of  a  beautiful  pink  dye.  The  pink  saucers  of  the 
shops  are  coloured  by  it.  It  is  also  largely  employed  in  the  manufacture 
of  rouge.  Satlloweris  sometimes  u^ed  to  adulterate  haif  saffron.  The 
substance  called  cake  saffron  is  prepared  from  it  and  mucilage.  (See  Cro- 
cus.)  The  fruits,  which  are  commonly  called  seeds,  yield  by  expression  a 
large  quantity  of  oil,  which  is  known  in  India  under  the  name  of  Knosum 
Oil.  It  is  used  principally  for  burning.  The  fruits  are  also  purgative,  and 
are  employed  in  dropsy.    The  fruits  of  C.  pernicus  also  yield  a  useful  uiL 

Cynara. — C.  Scnlymus. — I'he  young  succulent  receptacles  of  this  plant 
are  u.<ed  tor  food,  under  the  name  of  Artichokes.  The  edible  Cardoons  are 
the  blanched  stalks  of  the  inner  leaves  of  Cynara  Cardunculus. 

Erigenm^  Fieabane. — The  leaves  and  tops  of  E.  heierophyUum  and  K, 
philadelphicum  are  othcial  in  the  United  States  Pharroacopceia.  Fieabane 
possesses  diuretic  properties,  and  is  much  uned  in  gravel  and  other  nephritic 
complaints.  The  leaves  and  tops  of  K.  canadense^  Canadian  Fieabane,  are 
likewise  official  in  the  United  States  PharmacopoDia,  and  are  reputed  to  be 
tooic,  astringent,  and  diuretic.  The  oil  which  is  obtained  from  them  is  also 
e:iteemed  as  an  internal  remedy  in  uterine  and  other  hemorrhages. 

Eupatoriutn. — E.  glutinnsum. — Tlie  leaves  of  this  plant  constitute  one  of 
the  substances  known  as  Matico  in  South  America,  the  different  kinds  of  which 
are  employed  as  styptics.  The  official  matico  of  this  country  is,  however, 
derived  from  A  rtunthe  elongata  (^Fiper  anguatifoHum\  a  plant  of  the  Nat.  Ord. 
Pil)eracea;.  (Ste  Artant/te). — E.  ayapana  and  E.  perfoliatum  have  been 
employed  as  antidotes  to  the  bites  of  venomous  reptiles.  They  are  reputed 
to  poHse^s  stimulant,  tonic,  and  diaphoretic  properties.  E.  perfo/iatutHy 
Thorough  wort,  is  official  in  the  United  States  Pharmacopoeia.  Other  species, 
such  as  E.  piirpiireum  or  Gravel  Root,  E.  teucrifoiium^  E,  ageratoidesy  E. 
aromaticumy  E.  incarnatumy  E.  cannabinumf  and  E.  nervosum^  have  also  been 
regarded  in  the  United  States  and  elsewhere  as  of  medicinal  value. 

Grindelia  ntijusla,  Rosin  Weed. — The  leaves  and  unexpanded  flower- 
heads  of  this  plant,  which  is  a  native  of  California,  are  reputed  to  form  a 
remedy  of  very  great  value  in  asthma,  when  given  internally ;  and  when 
applied  externally  in  the  form  of  an  infusion  or  decoction,  a  marvellous 
effect  is  said  to  be  produced  in  the  cure  of  the  cutaneous  eruptions  cau!«ed 
by  emanations  from  the  Rhus  Toxicodendron^  or  Poison  Oak.  It  is  also 
said  to  be  very  useful  in  whooping-cough,  colds,  and  bronchitis.  Other 
species,  such  as  G.  squarrosa^  and  G.  hirsutulay  appear  to  have  similar 
properties,  and  are  frequency  subtituted  for  it  in  commerce. 

Guizotia  o'eifera  is  extensively  cultivated  in  India  for  its  seeds  which 
are  known  in  commerce  under  the  name  of  Niger  seeds.  These  yield  a  thin 
oil,  useful  in  painting,  and  for  burning,  and  other  purposes,  which  is  known 
in  India  as  Ram-til,  Kala-til,  Noog,  &c.  It  may  be  used  for  the  same  pur- 
poses in  pharmac}'  as  sesamum  oil  and  olive  oil. 

Helianthus. — H.  tuherusus. — The  tubers  are  much  eaten  under  the  name 
of  Jerusalem  Artichokes.  The  dried  fruits  have  been  employed  as  a  substitute 
fi»r  coffee. — H.  annuus  is  the  common  Sunflower.  The  pith  contains  nitrate 
of  potash,  and  is  therefore  sometimes  used  in  the  preparation  of  mojrcu  in 
Europe.  The  fruits  have  been  lately  employed  as  an  ingredient  in  a  kind 
of  soap  called  Sunflower  Soap.  They  yield  by  expression  a  flxed  oil  which 
is  uHed  largely  for  food  in  Himgary  and  Russia,  while  the  oil-cake  funiishes 
an  excellent  food  for  cattle. 
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Inula  Hdmium^  Elecampane. — The  root  is  an  aromatic  tonic,  expec- 
torant, and  dii.  phoretic.  It  has  been  employed  in  chnmic  catarrh,  ana  in 
dyspepsia.  It  was  also  formerly  much  used  in  this  country  as  the  basis  of 
a  favourite  sweetmeat. 

Liatris  odoratUxima,  Wild  Vanilhi,  or  Deer's  Tongue.— The  leaves  of 
this  nlantf  which  is  abundant  in  the  southern  United  States,  are  used 
largely  to  give  flavour  to  tobacco  and  cigars.  They  would  be  probably 
very  useful  in  perfumer^'.  They  owe  their  properties  to  cnumarin.  Other 
t»pecie8,  more  e.specially  L.  itpicata,  vit* Id  the  root  known  as  Button  SntUuroot, 
which  is  reputed  to  be  stimulant,  diuretic,  and  expectorant 

Madia. — The  needs  of  3/.  tativa^  a  native  of  Chili,  yield  by  pressure  a 
large  amount  of  lixed  oil,  which  is  edible,  and  the  commoner  kinds  baveals4) 
been  used  for  illumination.  The  plant  is  now  cultivated  in  Asia  Minor, 
Algeria,  and  the  warmer  parts  of  France  and  Germany.  The  oil  has  also 
the  valuable  property  of  not  congealing  at  19^  below  zero  of  K^umur,  hence 
it  is  a  valuable  lubricating  agent  for  delicate  machinery. 

Matricaria  Chamnmilla  has  similar  properties  to  the  true  Chamomile. 
The  flower-headH  nre  the  Fioret  ChamomiUte  of  German  pharmacologists ; 
they  are  usually  diHtiiiguished  as  Common  or  German  Chamomiles.  They 
are  also  ofiiciarin  the  United  States  Pharmauopceia. 

Mikania. — M.Guaco  has  been  much  used  as  an  antidote  to  the  bites  of 
venomous  seriients  in  South  America.  It  appears  to  Ije  by  far  the  moHt 
efficacious  of  all  the  plants  known  as  Guaco,  for  recent  testimonv  shows 
that  when  promptly  and  properly  adminixtered  it  is  a  cure  for  the  most 
venomous  i*nakes.  Guaco  has  alao  been  highly  spoken  of  as  a  remedy  for 
gout  and  rheumatism. 

Notonia. —  I  he  freshly  gathered  stems  of  N,  grandiftora  and  N,  corym' 
bosa  are  reputed  in  India  to  be  a  preventive  of  hydrophobia. 

Pyrtthrum. —  The  insect  powders  of  commerce  are  the  powdered  flower- 
heads  of  ditlerent  species,  of  this  genus.  Those  of  P.  cameum  and  P. 
roseum  yield  Persian  Inject  Powder  ;  but  the  more  energetic  insecticide  is 
the  Dalmatian  Insect  Powder,  which  is  derived  from  P,  cinerarisefolium, 

Silphium. — S.  laciniatuntj  S.  perfoHatum^  and  other  species,  nativea  of 
North  America,  where  they  are  known  under  the  names  of  *  ro!*in-weed8,* 
are  reputed  to  be  very  (thcacious  in  ca!*es  of  asthma.  vV.  laciniatum'y^  alno 
known  as  the 'polar  plant '  or  'compass  plant,'  because  *the  leaves  are 
said  to  present  their  faces  uniformly  north  and  south.*  Sir  J.  Hooker 
status  that  in  travelling  by  rail  anv  alteration  in  the  direction  of  the  road 
l>ecomes  visible  at  once  by  the  altered!  aj)pearance  of  the  leaves  of  the  Compass 
Plant. 

Tanacetum  vulgartj  the  common  Tansy,  possesses  tonic  and  anthelmintic 
properties. 

TuMilagn  Farfara^  Coltsfoot. — This  plant  is  employed  as  a  popular 
remedy  in  chronic  coughs  and  other  pulmonary  complaints. 

Vtmonia  anthtlmintica, — The  seeds  are  employed  in  the  East  Indies  as 
an  anthelmintic. 

Xanthium  spinnmm. — ^The  powdered  leaves,  &c.,  of  this  plant  are  said  to 
be  a  most  efficient  remedy  in  hydrophobia ;  but  they  have  been  found 
useless  when  emplo3'ed  by  regidar  practitioners. 

Sulvorder  2.  Lahiatiflok.*:. — There  are  no  imjiortant  plants  known  to 
belong  to  this  sub-order.  Some  have  been  reputed  aromatic,  mucilaginous, 
ar.d  tonic,  and  the  leaves  of  Print zia  aromatica  are  sometimes  employed  at 
the  Cape  of  Good  Hope  as  a  substitute  for  tea. 

Sub-order  3.  Ligi'liklok/E. — The  plants  of  this  sub-order  generally 
contain  a  milky  juice,  which  commonly  po.<<«esse8  alterative,  aperient,  diu- 
retic, or  narcotic  properties.  The  n»ota  of  some  are  used  as  esculent  vege- 
tables; and  other  species,  by  cultivation  with  diminished  light,  become 
edible  as  salads. 

Cichorium, — C  Intylmt,  Chicory. — ^The  Chicory  plant  is  indigenoitfl 
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in  this  and  many  other  coantries  of  Europe.  It  is  also  extensively  cnlti- 
vated  for  the  salce  of  ibi  roota,  which  when  roasted  and  powdered  are  uiied  as 
a  substitute  for,  or  more  frequently  as  an  addition  to,  ground  oofiee.  Above 
100  millions  of  pounds  are  annually  consumed  in  Europe.  In  1865,  the 
consumption  in  Great  Britain  alone  ifa»  about  18  millions  of  pounds  :  and 
it  is  now  calculated  that  in  proportion  to  that  of  coffee  it  is  nearly  40  per 
cent.  It  does  not,  however,  |K>se$ess  in  any  degree  the  peculiar  excitine, 
soothing,  and  hunger-staying  properties  of  coffee,  and  its  extenitive  employ- 
ment is  much  to  be  defirfcated,  as  it  is  not  unfirequentlv  attended  with  in- 
jurious effects.  The  ft-esh  root  has  been  employed  in  medicine,  and  is  reputed 
to  have  somewhat  similar  properties  to  that'  of  Dandelion.  A  blue  dye 
may  be  prepared  from  the  leaves. — Cichorium  Endivia  is  the  Endive  plant, 
the  blanched  leaves  of  which  are  afe<l  as  a  salad. 

Lactuca — L.  aativa  is  the  garden  or  common  Lettnce.  It  is  largely 
cultivated  for  u.se  as  a  salad.  As  a  medicine  it  possesses  to  a  slight  extent, 
sedative,  anodyne,  and  antispasmodic  properties. — Lactuca  virota^  the  Wild 
or  Strong-scented  Lettuce,  possesses  much  more  evident  anodyne  and  anti- 
spasmodic propertie.4  than  the  common  I.«ttuoe.  The  inspissated  juice  of 
both  L.  tativa  and  L.  viro$a  forms  Lactucarium  or  Lettuce  Opium,  which 
is  empIo\  ed  for  its  narcutic  pn>perties.  L.  vinna  yields  the  best  and  the 
largest  quantitv  of  Lactucarium.  L.  vir>$a  is  official  in  the  British  Phar- 
macopoeia. Other  species  of  Lactuca^  as  L.  Scariola  and  L.  tUtiuima,  pos- 
sess similar  propertien. 

Scftrznnera. — S.  hispanica  has  esculent  roots,  which  are  known  under  the 
name  of  Scorzonera,  and  are  much  esteemed.  The  roots  of  5.  delieioaa  are 
also  much  valued  in  Sicily,  where  this  plant  is  a  native. 

Taraxacum  Den*  Leoni»y  Leontodon  Taraxacum^  or  Taraxacum  offici' 
naltf  is  the  common  Dandelion.  The  root,  which  is  the  official  part,  is  very 
extensively  employed  as  a  medicinal  agent.  It  is  commnnly  regarded  as 
possessing  aperient,  diuretic,  and  alterative  pro|)erties.  It  contains  a  bitter 
crystalline  principle,  called  Taraxacin^  to  which  it  seems  principally  to 
owe  its  prof)erties.  Whon  roasted,  it  has  sometimes  been  employed  as  an 
addition  to  coffee,  in  the  same  manner  as  chicory  root.  The  leaves  when 
very  young  and  grown  in  the  dark,  are  sometimes  used  on  the  Continent  as 
a  saiad. 

Tragopogon  porrifolius. — The  roots  are  eaten  under  the  name  of  Sabifv, 
and  although  a  very  useful  vegetable,  they  are  inferior  to  Scorzonera.  In 
America  it  is  called  the  Oyster  Plant,  as  the  roots  when  cooked  are  thought 
to  have  the  taste  of  ovsters.. 

Natural  Order  129.  Campanulace^e. — The  Harebell  or  Bell- 
flower  Order. — Character. — Herbaceous  plaiUs  or  wivdtrshruht^ 
with  a  milky  juice.  Leaves  nearly  always  alternate,  exstipulate. 
Ca/yx  superior  {fig.  978),  persistent  {figs.  682  and  683).  Corolla 
monopetalous,  regular  {figs.  432  and  474),  marcescent  {figs,  432 
and  f>83) ;  aestivation  valvate  {fi^.  976).  Stamens  equal  in 
number  to,  and  alternate  with,  the  lobes  of  the  corolla  {fig, 
976)  ;  anthers  2-celled,  distinct  or  partly  united.  Ovary  in- 
ferior {fig.  978),  2  or  more  celled  {fig.  976) ;  style  simple  (fig» 
502),  hairy  ;  stigma  naked.  Fruit  dry,  caj  .sular,  dehiscing  by 
lateral  orifices  (figs.  682  and  683)  or  by  valves  at  the  apex  ; 
placentas  axile  {figs.  976  and  978).  Seeds  numerous,  with  fleshy 
albumen  {fig.  977). 

IMribution,  Examples^  and  Numbers. — Chiefly  natives  of  the 
temperate  parts  of  the  northern  hemisphere  ;  a  good  uuiuy  are, 
however,  found  in  the  southern  hemisphere,  especially  at  the 
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Cape  uf  Good  Hope.  A  few  Hpecieit  onljr  are  tropical.  ExampUs 
v/tbe  Grntra  :—Fhjtem»a,  CampaiiuU,  Specularia.  There  are 
about  650  upecies. 


Properties  and  Uten. — The  milky  juice  which  theae  planta  con- 
tain ia  sotuctiitias  of  a  Hub-acrid  chantcter,  but  the  routa  ao  d 
yoiiiig  {larts  of  severul  apeciee,  especially  when  cultivated,  are 
eaten  in  diff^rvnt  parts  of  the  world,  a<i  the  roots  of  Campanula 
Rapwieiil'is,  commonly  knon-n  under  the  name  of  Ramnione  ; 
those  of  Cyphia  (/tiiiriiifi/era,  iq  Abyssinia  ;  and  those  of  Cyphia 
digilatn  by  the  Hottentots,  ^c.  Some  apecios  of  Spfctilnria  have 
been  tiacd  in  aalada.  One  (ipecies,  CampamiUi  glimca,  is  reputed 
to  be  avaluable  tonic,  and  othera 
are  aaid  to  lie  antisyphilitic.    The  Fm.  080. 

order,  however,  does  not  contain 
a  Ringle  plant  of  any  particular 
importance,  cither  in  a  Diedici- 
nal  or  economic  point  of  view. 

Natural  Order  130.  Lobe- 
LiACE.t;.— The  Lobelia  Order.— 
Character. — Hti-b>  or  ihfibg, 
with  a  milky  juicti.  Lenrta  al- 
ternate, eiatipulate.  t'alyj;  su- 
perior. Ciimtla  monopetalouB, 
irregular,  valvate.  SUimtjit  5, 
Byngenesious  {Jig.  980).  Ocfiry 
interiiir,  l--3-celled  ;  placentas 
axile  or  parietal ;   slylt   1   (Jig. 


capsular,  dehiscing  at  the  apex. 
SceJn  numerouB,  albuminous. 

Disti-iinUioH,   Examples,    <iii4    -Viimfter*. — Tliey   are   chiefly 
natives  of  tropical  and  sub-tropical  regions ;  but  a  few  occur  in 
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temperate  and  cold  climates.     Examples  of  the  Gtnera : — Glin^ 
tenia,  Lobelia.     There  are  nearly  400  species. 

Properties  and  Uses. — The  milky  juice  with  which  these 
plants  abound  is  commonly  of  a  very  acrid  nature,  hence  the 
species  of  tliis  order  should  be  regarded  with  suspicion  ;  indeed, 
some,  as  Lobelia  injlatay  Tupa  FeuiUxi,  &c.,  act  as  narcotico- 
acrid  poisons. 

Jjobelia. — L,  ittflata,  Indian  Tobacco. — This  species  is  a  native  of 
North  America.  The  flowering  herb  and  seeds  have  been  extensively  em- 
])loyed,  especially  in  America,  for  their  sedative,  antispasmodic,  emetic,  and 
expectorant  properties.  I^obelia  resembles  tobacco  in  its  action  ;  it  is 
oHicial  in  the  British  Fharmacopceia.  Several  fatal  cases  uf  poisoning  have 
occurred  in  the  United  States,  and  in  this  country,  from  its  empirical  ui«. 
The  .seeds  may  be  distinguished  unrler  the  microscope  by  their  peculiarly 
reticulated  character.  The  root  of  L.  syphilitica  poasesses  emetic,  purgative, 
and  diuretic  properties,  and,  as  its  Ri>eci(ic  name  implies,  it  has  been  reputed 
to  be  efficacious  m  syphilis. — Z*.  urens  has  blistering  qualities. — Z#.  decurrems 
is  used  in  Peru  as  an  emetic  and  purgative,  and  its  employment  haa  beeu 
suggested  in  this  country  as  a  substitute  for  Ipecacuanha. 

Natural  Order  131.  Goodbniacbje. — The  (Joodenia  Order. 
— Character. — Herbs  or  rarely  shrubsy  not  milky.  Leaves  ex- 
stipulate.  FUywers  never  collected  into  heads.  Calyx  gene- 
rally superior,  with  from  3 — 5  divisions,  occasionally  inferior. 
Corolla  irregular,  5-parted  ;  aestivation  induplicate.  stamens  5 ; 
filaments  distinct  ;  anthers  distinct  or  united.  Ovary  1,  2,  or 
rarely  4-celled  ;  placenta  free  central ;  style  1  ( fig,  639,  t)  ;  stifftna 
indusiate  {fi<f.  639,  i).  Fruit  capsular,  drupaceous,  or  nut-like. 
Seeds  with  fleshy  albumen. 

Distribution,  Examples^  and  Numbers. — These  plants  are 
principally  natives  of  Australia  and  the  islands  of  the  Southern 
Ocean  ;  rarely  of  India,  Afiica,  and  South  America.  Examples 
of  the  Gemra: — Goodenia,  Leschenaultia.  There  are  about  200 
species. 

Properties  and  Uses. — Unimportant. 

Scwvola  Taccada  has  a  soft  and  spongy  pith,  which  is  used  by  the 
Malavs  lo  make  art'neial  flowers,  and  for  other  purposes.  It*  youDjj  leaves 
are  also  eaten  as  a  potherb.  Other  species  of  Scwcola  are  reputed  to  be 
emollient. 

Natural  Order  132.  Stylidiaoe.e. — The  Stylewort  Order. — 
Character. — Herbs  or  uiuler-sfirubs,  not  milky.  Leaves  ex- 
stipulate.  Calyx  superior,  with  from  2  to  6  divisions,  persist-eut. 
Corolla,  with  from  5  to  6  divisions  ;  igstivation  imbricate.  Sta- 
mens  2,  gynandrous.  Ovai^j  2-celled,  or  rarely  1-celled  ;  style  1 ; 
sfiymu  without  an  indusium.    Fruit  capsular.    Seeds  albuminous. 

IHstiribution,  Examples^  and  Numbers. — They  are  chiefly 
found  in  the  swamps  of  Australia.  Examples  of  the  Genera  : — 
Stylidium,  Forstera.     There  are  about  120  species. 

Properties  and  Uses, — Unknown. 
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Natural  Order  133. — Vacciniace-«. — ^The  Cranberry  Order. 
— C haracter.  — Shndts  or  small  trees.  Leaves  alternate,  undi- 
vided, exstipulate.  Calyx  superior.  CoroUa  4 — 6-lobed  ;  aisti- 
ratUm  imbricate.  Stamens  distinct,  epigynous,  twice  as  many  as 
the  lobes  of  the  corolla  ;  anthers  {jig.  528)  appendiculate,  with 
porous  dehiscence.  Ovary  ^ — 10-celled  ;  style  and  stiynuiBimple, 
Fruit  succulent.     Seeds  with  fleshy  albumen. 

Distributiimy  Examples,  and  Numbers. — ^Chiefly  natives  of  the 
temperate  regions  of  the  gU»be.  Examples  of  ttte  Ge}iera: — 
Vaccinium,  Thibaudia.     There  are  about  200  species. 

Properties  and  Uses. — They  are  chiefly  remarkable  for  their 
astringent  leaves  and  bark,  and  for  their  edible  sub-acid  fruits. 

Oxycnccus  palustrig  or  Vaccinium  Oxi/cocciig.— The  fruit  of  this  plant  is 
the  CniDberry  of  Great  Britain.  It  is  urfed  in  making  tartft  and  for  other 
I'urjMisea. — O.  macrocarput  yields  the  American  Cranbert"y,  of  which  large 
quantitit^  are  imported  itito  this  country. 

Vaccinium. — The  fruits  of  several  siHfcies  are  edible,  thus : —  V.  MyrtUlMMf 
yields  the  Bilberry;  V.  ulifjinosum,  th^  Bo^  or  Black  VVhortleljerry;  and 
V.  vitls-idsea^  the  Ked  Whortleberry  or  L'owberry.  (See  also  Oxycocctui,) 
The  fruit  of  V.  uliginoaum  is  reputed  to  l>e  narcotic,  and  is  said  to  be 
emidoved  fur  making;  beer,  &c.  heady.  When  exposed  to  fermeutatiun,  it 
produces  a  kind  of  wine. 


2.    Hypostamineae. 

Natural  Order  134.  Brunoniace/E. — The  Brunonia  Order. 
— Character.  —  Herbs.  Leaves  entire,  radical,  exstipulate. 
Floivers  in  capitula,  surrounded  by  an  involucre.  Calyx  inferior, 
5-partite.  Corolla  5-partite,  withering.  Stame'tLS  few,  hypogy- 
nous  ;  anthers  slightly  united.  Orari/ superior,  1 -celled  ;  oeule 
solitary,  erect ;  style  single;  8fif7Mwi  surrounded  by  an  indusium. 
Fruit  enclosed  in  the  hardened  calyx.  Seed  erect,  solitary, 
without  albumen. 

Distribution,  Examples,  and  Numhers. — Natives  of  Australia. 
Brunonia  is  the  only  genus.     There  are  2  species. 

Properties  ami  Use^, — Unknown. 

Natural  Order  135.  Ericace.k.  —  The  Heath  Order.  — 
Characte  r. — Shrubby  plants.  Leaves  entire,  evergreen,  opposite 
or  whorled,  exstipulate.  Calyx  4 — 5-cleft,  inferior  (Jiy.  478,  c), 
persistent.  Corolla  hypogynous,  monopetalous  (Jiys.  478  and 
1)81),  4 — 5-cleft  ;  activation  imbricate.  Stamens  hypogynous 
(fiys.  981  and  982),  as  many  or  twice  as  many,  as  the  divisions 
of  the  corolla ;  anthers  2-celled  (Jig.  529),  opening  by  pores  (Jig, 
527,  r),  appendiculate  {Ji<f.  527,  a).  Ooary  many-celled,  with 
numerous  ovules,  surrounded  by  a  disk  or  scales  ;  style  1  {Jigs, 
981  and  982).  Fruit  capsular  or  rarely  baccate  ;  pUicenta  axile. 
Seeds  numerous,  small,  anatropous  ;  embryo  in  the  axis  of  fleshy 
albumen. 


Sub-order  1.  Ericea.—Ftait  lo- 
ciilicidal,  or  rarelf  septicidftl  or 
baccate.     Buds  uaked.     £xam- 

SU» : — Erica,  Arbutus, 
i-order    2.      Hhvdodendrex,  — 
FruitcapsuIiU',  septicidftl.  Buds 
Ecaly,  resembling  conua.    Exam- 
j).'«8.-— Azalea,  Bliododendron. 

J)urfribii(i'on    and  Numhers. — 

They  are  eery  abundant  at  tho 

Cape  of  Good  Hope,  and  ana  also 

more  or  less  gcDerally  diffused  in 

Europe,  North  and  South  Aiuerics, 

and   Aaia,     There  ore  about  900 

BpecieH. 

FiV.   WI.    VerOcal   Kctlon   ol    tl.-?  Properties     and       Vaea.  —  The 

floKerotii«iiMifflof  Htath(^;f^m)-    plants  of   this  order   are    chiefly 

tTTMipp  *^Tbc^uni™  ai^Koi  w    ffiuiin'kable    for    astringent    pro- 

taliypog)uoiu.  perttes  ;  others  ere  narcotic,  and 

in  B(ime    cases  even    poisonous. 

This  is  especially  the  case  n-ith  Koimia  lalifolia,  Bhodndendron 

ckryaaiithiiin,  Andrumeda  fiiirihutula,  and  AzaUa  pontiea.     The 

fruits  of  many  are  edible.     Tlio  species  of  ErUa,  Rhudodtndron, 

Kalmia,  j4ai(ea,  Ac.,  are  largely, cultivated  in  this  country  on 

account  of  the  beauty  of  tlieir  flowers.     The  three  latter  genera 

Ht«  commonly  called  American  Plants.     Such  planta  are  not, 

however,  confined  to  America,  as  the  name  would  imply. 


A,idrt>n,tdaJl.Ti 
UingZ'ti,  but  [ 


I  is  a  antive  or  Xorth  Anmiu, 
T  iif  Blmp  vtn  poiwoed  by 
overad  under  Judicious  treat- 


ATcmlaftglm   Uva-Uril,  tlic  Iloiirberrj-.— Tli 
and  nre  nffivial  in  tlie  Briti'li  riinnnitcupieia,    Thi 


incopteifl.    They  bave  I 

ie  properties. 

— TreblzoiHl  honvvovcsit!!  paieooons  prnpertl«B  to  thtt 
(towers  of  (hi^  plant.  Thv  poiwmnus  linney  tneDtlontd 
ia  account  of  the'  lietraatol  tlie  Ten  Thouuind,'  wss  of  > 


GtatllAenaprocambriiM,  FRrtriipfi  Bern-.— Tlie  leavtf  nre  ofllciMl  in  the 
Jnited  SlBtea  PhannscopiBlii.  They  pnmtrt,  aromatic,  sstrinRent,  and 
■dmuUnt  propertiet,  whieh  thev  owe  to  the  prewnce  of  ■  volalile  oil  and 

;-  „:..      .,-...  .:, : .  1 .-.j„  ....  - -  ,.;,  „f  Partridgt  Brrrf  or 

a  enipluyed  in   certain 


acid.    'Hie  oil  is  known  under  the  name  ol 


MOKOTROPACEiE.      ITROLACEiE^  689 

Mountain  or  Salvador  Tea.  The  fruits,  known  ea  Partridare  berries  or 
Deer  l)€rri«s  are  much  relinhed  by  some  jwrsons. —  G.  leuatcarpa  and  G, 
punctata.  From  the  leaven  of  thee  two  si>eciej*,  Ixith  of  which  are  natives 
of  Java,  Dr.  de  Vrij  ohtaine<i  an  oil,  which  he  found  to  be  identical  with 
the  American  Winter  <ireen  Oil. 

Knlmia  latifolia,  a  comtnon  plant  in  the  Unite<l  Statos.  is  reputed  to  be 
narcotic  and  poisonous.  The  leavej*,  under  the.  name  of  'nrmntain  laurel,' 
are  >aid  to  be  a  valuable  remedv  in  obstinate  diarrha*a.  They  have  also 
been  used  in  syphili»  and  skin  diseases.  They  contain  a  lar^^e  amount  of 
tannic  acid. 

Ledum. — An  infusion  of  the  leaves  of  L.  palustre  and  L.  latifolium  is 
employed  in  North  America  an  a  suf)stilutp  for  China  tea,  under  the  name  of 
Labradt)r  Tea  or  James'  Tea.  It  pos.'»esses  narciitic  pro])erties.  This  plant 
has  al,»o  been  lately  recommended  as  a  powerful  insecticide. 

Rhndftdeudron. — The  Howers  of  7?.  arfxtreum  are  used  by  the  hill  people* 
of  ln(iia  in  the  preparation  of  a  jelly.  The  powdered  leaves  of  R.  campann- 
latum  are  employed  as  snuff  in  certain  parts  of  India.  The  brown  pulverulent 
substance  found'  on  the  i>e!io|e!*  of  some  Khododen<1rons  and  Kalmia^  is  also 
in  use  in  the  United  States  t>f  America  as  a  substitute  for  snuff — R.chry^ 
santhum^  a  Siberian  plant,  possesses  very  marked  narcotic  properties. 

Natural  Order  13(j.  Monotropace-^. — The  Fir- Rape  Order. 
— C  h a  rac  t e r. — Parasitic  jdants  with  scaly  stems.  Sepals  more 
or  less  distinct,  4 — 5,  inferior.  Pet-ah  4 — 5,  distinct  or  united. 
Stametis  twice  as  many  as  the  petals,  hypogynous  ;  anthers  2- 
celled,  with  longitudinal  deliiscence.  Ovary  su^xirior,  4 — 5-celled 
at  the  base,  1-celled  with  5  parietal  placentas  at  the  apex. 
Frnit  capsular,  with  loculicidal  dehiscence.  i^*eds  numerous, 
with  a  loose  testa  ;  embryo  minute,  at  the  apex  of  fleshy  albumen. 

Distribution^  EramiAesy  atul  Numbers. — They  are  found  grow- 
ing on  Firs  chiefly,  in  the  cool  parts  of  Europe,  Asia,  and  North 
America.  Examples  of  the  Genera : — Monotropa,  Hy^wpithys. 
There  are  about  10  species. 

Fntperiies  and  Uses. — Unimportant. 

Natural  Order  137.  Pyholace.e. — The  Winter-Green  Order. 
— Character. — Herbs  or  under-shruhs,  with  naked  or  leafy 
stems.  Leaves  simple,  evergreen.  Sepals  5,  more  or  less  dis- 
tinct, persistent,  inferior.  Corolla  hypogynous,  with  4 — 5  petals, 
scarcely  united  at  their  base.  Stamens  twice  as  numerous  as  the 
petals,  hypogynous  ;  anthers  2-celled,  with  porous  dehiscence 
(Jiif.  531).  Ocrtri/ superior,  4 — 5-celled.  Fruit  capsular,  dehis- 
cent ;  placentas  axile.  Seeds  numerous,  with  a  loose  testa ; 
embryo  minute,  at  the  base  of  fleshy  albumen. 

Distributioiij  Examphsy  and  Numbers. — Natives  of  North 
America,  Europe,  and  the  northern  parts  of  Asia.  Examples 
of  tlie  Genera : — Chimaphila,  Pyrola.  There  are  about  20  species. 

Properties  and  Uses. — The  plants  of  this  order  are  chiefly 
remarkable  for  tonic,  astringent,  and  diuretic  properties. 

Chimaphila  corymbosa  or  umltellata,  Winter  Green,  Pipeissewa.— This 
herb  pi^ssesses  diuretic  and  tonic  properties.  The  leaves  are  official  in  the 
United  States  Pharmacopoeia.  In  the  United  States  Chimaphila  haa  been 
called  *  King's  Cure,*  from  its  reputed  value  in  scrofula.  The  fresh  leaves 
are  acrid,  and  when  ipplied  to  the  skin  act  as  a  rubefacient. 
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Natural  Order  138.  EPACKiDACEiE. — The  Epacris  Order. — 
Character. — Shrubs  or  small  trees.  Leaves  alternate  or  rarely 
opposite,  simple,  with  parallel  or  radiating  veins.  Calyx  and 
corolla  inferior,  usually  5-partite,  or  rarely  4-partite.  StatM^iu 
equal  in  number  to  the  divisions  of  the  corolla,  or  rarely  fewer, 
hypogynous  or  adherent  to  the  corolla  ;  anthers  1 -celled,  without 
appendages,  opening  longitudinally.  Ovary  superior,  many  or 
1-celled  ;  style  simple.  Fruit  fleshy  or  capsular.  Seeds  with  a 
firm  skin,  albuminous. 

Distribxctiony  Examples,  and  Numbers. — Natives  of  Austra- 
lia, the  Indian  Archii>elago,  and  the  South  Sea  Islands,  where 
they  are  very  abundant.  Examples  of  the  Geneva : — Astroloma, 
Epacris.     There  are  about  350  species. 

Properties  and  Uses. — Of  little  importance  except  for  the 
beauty  of  then*  flowers,  on  which  account  they  are  much  culti- 
vated. The  fruits  of  many  species  are  edible,  as  those  of  Astro- 
loma  humifusum,  the  Tasmanian  Cranberry  ;  Lettcopogon  Sieheif 
the  Native  Currant  of  Australia  ;  Lissanthe  aapida,  and  others. 


3.  Epipetalae. 

Natural  Order  139.  Ebenace^.. — The  Ebony  Order. — 
Character. — Trees  or  shrubs  without  milky  juice.  Leaves 
alternate,  entire,  coriaceous,  exstipulate.  Flowers  polygamous. 
Calyx  3 — 7-partite,  inferior,  persistent.  Corolla  3 — 7-partite. 
Stamens  equal  in  number  to  the  lobes  of  the  corolla,  or  twice  or 
four  times  as  many,  epipetalous  or  hypogynous  ;  anthers  2-celled, 
introrse,  opening  longitudinally.  Ovary  3 — 12-celled,  each  cell 
with  1  or  2  ovules  suspended  from  the  apex  ;  style  usuaUy 
having  as  many  divisicms  as  there  are  cells  to  the  ovary.  Frttit 
fleshy.     Seeds  large,  albuminous. 

Distribution,  Examples,  and  Numbers. — They  are  mostly 
natives  of  tropical  India,  but  a  few  occur  in  colder  regions. 
Examples  of  the  Genera : — Royena,  Diospyros.  There  are  nearly 
200  species. 

Properties  and  Uses. — Many  of  the  trees  of  this  order  are 
remarkable  for  the  hardness  of  their  wood,  which  is  commonly 
known  under  the  names  of  Ebony  and  Ironwood.  Many  species 
have  edible  fruits,  and  some  have  astringent  barks. 

Diospyros. — Many  species  of  this  genus  have  hard  and  dark-coloared 
heart-womis,  which  form  the  different  kinds  of  ?Ibony :  thus,  fi-om  D.  rrticu/ata 
is  obtained  Mauritius  Ebony,  the  best  kind ;  from  D.  Melanoxyhn^  a  native 
of  the  Coromandel  Coast,  what  is  commonly  known  as  Black  Ebony ;  fhjm 
D.  Ebenaster,  the  Bastard  Ebony  of  Ceylon ;  from  D.  Ebenvm^  the  best 
Ceylon  Ebony ;  and  D.  hirsuta  of  Ceylon,  and  other  species,  also  yield 
inferior  kinds' of  Ebony.  Coromandel  or  Calamander  Wood,  a  beautiVolly 
variegated  furniture  wood,  is  also  procured  from  Ceylon,  and  is  obt^ned 
from  D.  qwenta. — The  fruit  of  D.  Kaki  is  eaten  in  China,  India,  and  Japan. 
Jt  is  known  in  Japan  under  the  name  of  the  Keg-fig.    It  is  the  JTa/h'of 
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the  Chinese.  The  plant  fruitu  freely  in  this  countn*  in  a  conserrotorj'  or 
orchard-house. — The  fruit  of  1).  virginiana^  the  Persimmon  or  Virginian 
Date  Plum,  is  sweet  and  edible  when  ripe,  especially  after  a  frost,  but  it 
is  very  aastere  in  an  unripe  state  ;  hence  it  is  frequently  employed  in  that 
condition  in  the  United  States  where  it  is  official,  as  an  astringent.  In 
the  Southern  States  an  indelible  ink  is  also  made  from  the  unripe  fruit. 
The  bark  has  been  likewise  used  aa  a  febrifuj^  and  astringent. — D.  Lotos,  a 
native  of  Europe,  has  edible  fruit.  The  bark  of />.  MetuiuKcuhm  posseasea 
tonic  and  a.strinjrent  properties.  Tlie  fresh  fruit  of  D.  hmbryopterit  is 
powerfully  a«trin/^ent,  and  is  official  on  that  account  in  the  Inman  Phar- 
macopGcia.  The  ripe  firuit  is  edible.  The  juice  of  the  fruit  is  also  employed 
in  Benj;al  for  various  useful  ])urpoecs.  The  raw  fruit  of  D.  mollis  yields  a 
black  dye. 

Jiojftna  hirtuta  var.  rigida^  a  Cape  shrub,  has  an  edible  fVuit. 

Natural  Order  140.  Aquifouace.e. — The  Holly  Order. — 
Character. — Evergreen  trees  or  shrtibs.  Leaves  (Jig.  31S) 
coriaceous,  simple,  exstipulate  or  with  minute  stipules.  Floiuers 
small,  axillary,  sometimes  unisexual.  Jikpals  distinct,  4 — 6. 
Corolla  4 — 6-parlite,  imbricate.  Stamens  equal  in  number  to 
the  divisions  of  the  corolla  and  alternate  with  its  segments ; 
anthers  2-celled,  adnate,  opening  longitudinally.  Ovary  superior, 
2 — 6,  or  more  celled,  with  one  pendulous  ovule  in  each  cell  ; 
placentas  axile.  Fruit  fleshy,  indehiscent.  Seeds  suspended ; 
embryo  small,  at  the  base  of  a  large  quantity  of  fleshy  albumen. 

Lyistribntion,  Examples,  and  Numbers. — They  are  widely 
although  sparingly  scattered  over  the  globe.  Only  one  species, 
the  common  Holly,  is  found  in  Europe.  Examples  of  tJi€ 
Genera: — Ilex,  Prinos.     There  are  about  115  species. 

Properties  and  Uses. — Bitter,  tonic,  and  astringent  properties 
are  those  chiefly  found  in  the  plants  of  this  order.  Some  are 
emetic  and  purgative,  while  others  are  largely  used  as  a  kind 
of  Tea. 

Hex. — The  leaves  and  bark  of  /.  AavifoHum,  the  Common  Holly,  have 
been  employed  in  intermittent  fevers.  The  berries  are  purgative  andemetic. 
Bird-lime  is  prepared  from  the  bark,  and  its  white  wood  is  used  by  cabinet 
makers  for  inlaying.  A  decoction  of  the  leaves  of  /.  vomitoria  constitutes 
the  Black  drink  of  the  Creek  Indians.  The  dried  leaves  and  young  twigs 
of  /.  paragvaycnsis,  the  Brazilian  or  Paraguay  Holly,  and  other  species  or 
varieties,  are  extensively  employed  in  South  America  as  Tea,  under  the 
name  of  Mate'  or  Paraguay  Tea.  *  It  is  remarkable  that  Mat^  contains  Thein, 
the  alkaloid  already  noticed  as  existing  in  China  Tea,  &c.  (See  TAca,  page 
467.)  Like  China  Tea  it  al.to  contains  a  volatile  oil,  tannic  acid,  and  gluten ; 
its  properties  are  therefore  somewhat  similar,  but  it  is  more  exciting,  and 
when  taken  to  excels  produces  a  kind  of  intoxication.  In  Brazil  a  kind  of 
Mat<^,  called  Gongonha,  is  also  prepared  from  /.  Gongonha  and  /.  Iheezant, 
Mat^  tea  is  generally  used  in  Brazil,  Paraguay,  Peru,  Uruguay,  Chili,  and 
other  parts  of  Soutfi  America.  The  consumption  of  Mati  in'  the  various 
South  American  Republics  is  from  20  to  40  millions  of  pounds  annually. 
From  the  great  aatringency  of  the  fresh  leaves  of  I,  paraguayensis,  I.  Gom" 
gnnha,  and  other  species,  they  are  used  by  the  dyers  in  Brazil.  The  unripe 
fruits  of  I.  Macoucowa  contain  much  tannic  acid,  and  are  employed  in 
dyeing  cotton. 

Prinof  glaber, — The  leaves  of  this  plant,  which  is  a  native  of  North 
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America,  are  used  as  a  substitute  for  China  Tea.  This  is  known  under  the 
name  of  Appalachian  Tea.  (See  Viburnum,)  The  bark  of  P.  vertieiUatuty 
called  Black  Alder  Bark  or  Winter  Berry^  is  employed  in  the  United  States 
in  the  form  of  a  decoction,  as  a  touic  and  astringent. 

Natural  Order  141.  Sapotack«. — The  Sapota  or  SapodiUa 
Order. — Character. — Trees  or  ahnths^  often  having  a  milky 
juice.  Leaver  alternate,  simple,  entire,  coriaceous,  exstipulate. 
Flmvers  hermaphrodite.  Calyx  inferior,  usually  with  5,  or 
sometimes  with  4 — 8  divisions,  persistent.  (7oro//a  with  as  many 
divisions  as  the  calyx,  or  twice  or  thrice  as  many.  Stamens 
definite,  in  a  single  row,  half  of  them  sterile  and  alternating  with 
the  fertile  ones,  the  latter  being  opposite  to  the  segments  of  the 
corolla  ;  anthers  commonly  extrorse.  Ovary  4 — 12-celJed,  with 
a  solitary  anatropous  ovule  in  each  cell ;  dyU  1.  Fruit  fleshy. 
Seeds  large,  with  a  shining  bony  testa  ;  embryo  large,  usually  in 
albumen,  and  with  a  short  radicle. 

Di^ributiotiy  Examples,  and  Numbers. — Natives  chiefly  of  the 
tropical  parts  of  Asia,  Africa,  and  America.  Examples  of  the 
Oenera ;— Cluysophyllum,  Isonandra,  Bassia.  There  are  about 
220  species. 

Properties  and  Uses. — Many  species  yield  edible  fruits  ;  others 
are  valuable  timber  trees.  The  seeds  of  several  contain  a  fatty 
oil.  fe'c»me  have  bitter  astringent  febrifugal  barks,  and  the  milky 
juices  of  others  yield  a  substance  analogous  in  its  general  cha- 
racters to  caoutchouc  or  india-rubber. 

Achras. — Several  species  of  this  genus  yield  dessert  fruits;  thus  the 
fruit  of  A.  Sapota  is  the  Sapodilla  Plum;  that  of  A.  mammosaf  the  Marma- 
lade.— Achras  Sapota  has  also  a  fehrifugal  bark,  and  diuretic  and  aperient 
seeds.  Its  wood  is  called  Bully-tree  Wood  or  Black  Bully.  This  has  a 
greenish  colour,  and  is  very  hard.  It  is  imported,  and  used  for  ship- 
building, and  other  purposes.  (See  Mimusnps.)  The  bark  of  several  other 
species  has  been  also  employc<l  jis  a  substitute  for  Cinchona. — Achras  or 
Sapota  Mulferi,  a  native  of  Guiana  and  Central  America,  vield&a  substance 
similar  to  gutta-percha  in  its  properties.     It  is  known  as  j^a'atas. 

Bassia — The  ripe  kernels  of  B.  iatifofia  and  those  of  B.  lonpifoHa,  the 
Elloopa-tree,  yield  fatty  oils  which  are  much  employed  in  India,  tor  lamps, 
cuUnarj'  purposes,  and  for  soap-making ;  and  externally  in  cutaneous  affec- 
tions. The  flowers  of  B.  iongifoUay  under  the  name  of  Elioopoy  have  been 
imported  into  London.  These  flowers  are  used  as  food,  and  also  yield  an 
alcoholic  spirit,  which  is  in  much  repute  in  some  parts  of  India.  The 
wood  of  B.  longifolia  and  others  is  hard  and  durable,  and  the  bark  and 
leaves  are  used  in  medicine.  From  the  seeds  of  B.  butyracea  a  c<Hicrete  oil 
is  also  obtained  in  India.  It  is  known  under  the  name  of  Fulwa  Butter. 
It  is  highly  esteemed  as  an  external  application  in  rheumatism  and  other 
aflections. '  The  Shea  or  Galatn  butter  of  African  travellers  is  said  to  be 
yielded  by  another  species  of  Bassia,  probably  B.  Parkii. 

ChrysophyUum. — The  fruit  of  C.  Cainito  is  known  under  the  name  of 
Star-apple.  It  is  much  esteemed  in  the  We-^t  Indies.  Other  species  of 
Chrysophylluniy  also  yield  edible  fruits. — C.  Burauhemy  C.  gfycyphfctum^  or 
Lucuma  glycyphlceum^  yields  an  astringent  bark  called  Monena  bark,  which 
has  been'much  employed  in  France  and  Germany  in  diarrbcea  and  similar 
aflfections.  It  contains  a  principle  called  monesin^  which  is  analogous  to 
saponin.  Monesin  has  been  also  employed  as  a  medicinal  a^^ent.    This  plant 
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is  also  the  source  of  the  ffum  or  jfum-re?iin  known  in  New  York  as  Chicle, 
It  ha<i  also  been  called  Mtxican  Gum  and  Rubber  Juice.  It  has  been  chiefly 
used  for  mixing  with  rubber  for  insulating  telegraph  wires. 

Dichvpsis  (laonandra)  Gutta^  the  Gutta  Percha  or  Taban-tree. — ^This 
is  a  native  of  Singapore,  Borneo,  Sumatra,  and  other  eastern  islands.  The 
inspissated  juice  of  this,  and  probably  other  species  of  laonandra,  and  of 
other  allied  genera,  as  ChrysophyUum,  SideroxyloHy  Baagia^  Paytna^  Mimu' 
»npn,  laonandra^  and  Imbricaria^  constitutes  the  valuable  substance  called 
Gutta  Percha.  The  Gutta  Percha  tree  is  now  extinct  in  Singapore,  in  con- 
sequence of  the  destruction  of  the  trees  in  order  to  obtain  the  juice.  The 
annual  importation  of  Gutta  Percha  into  this  country  is  more  than  60,000 
cwt.  The  beiit  Gutta  Percha  is  obtained  from  Dichnptis  Gutta,  and  the 
second  best  variety  is  derived  from  a  tree  called  *  Gatah  SQndek,*  in  Perak, 
which  Dr.  Trimen  believes  to  be  a  species  of  Payena.  Gutta  Percha  is  oflS- 
cial  in  the  British  Pharmacopoeia. 

Lucuma. — Several  species  yield  edible  fruits.  The  plant  alluded  to  above 
under  the  name  of  Chrysophyllum  Buranhem  is  now  also  termed  Lucuma 
glycyphlctum.     (See  ChryaophyUum.) 

Mimnattpa. — The  fruit  of  several  species  is  employed  as  a  d*»ssert ;  that 
of  M.  Elengi  is  the  Surinam  Medlar.  The  bark  of  M.  Elengi  also  po!>seftsefi 
astringent  and  tonic  properties ;  and  in  Southern  India  the  fragrant  nectar 
distilled  from  the  flowers  is  used  as  a  perfume,  and  as  a  stimulant  medicine. 
The  fruit  of  M.  Kaki  is  also  much  eaten  in  India.  The  seeds  of  some  species 
yield  useful  oils.  Several  species,  as  M.  Klenqi,  M.  indica,  M.  hexandra, 
produce  hard,  heavy,  and  durable  timber.  The  Bully-tree  of  British  Guiana 
is  also  by  some  authors  regarded  as  a  species  of  Mimuaopa. — M.  globoaa  is  by 
some  regarded  as  the  source  of  Balatas.     (See  Achraa.) 

Sapota  Mulleri  is  the  Gutta  Percha  tree  of  Guiana.     (See  Achraa.) 

Natural  Order  142.  Styracace.«. — The  Storax  Order. — 
Character. — Trees  or  shrubs.  Leaves  simple,  alternate,  exsti- 
pulate.  FUraers  axillary.  Calyx  inferior  or  superior,  4 — 5- 
partite  or  almost  entire,  persistent.  Corolla  of  from  6 — 10  petals, 
either  united  at  the  base  or  distinct ;  sestivation  imbricate  or 
somewhat  valvate.  Stamens  equal  in  number  to  the  petals,  or 
twice  or  thrice  as  many,  more  or  less  united  at  the  base  ; 
anthers  2-celled,  roundish  or  linear.  Ot?ari/ superior  or  inferior  ; 
style  simple.  Fruit  drupaceous,  always  more  or  less  fleshy. 
Seeds  1  usually  in  each  cell,  sometimes  more  ;  embryo  in  the 
midst  of  abundant  fleshy  albumen,  with  a  long  radicle. 

Miers  has  divided  the  8tyracace»  into  two  orders,  called 
Symplocacese  and  Styracaceet,  the  former  of  which  is  essentially 
distinguished  by  its  inferiar  ovary,  imbricate  aestivation  of 
corolla,  and  roundish  anthers. 

Distribution,  Examples,  and  Numbers. — These  plants  are 
sparingly  distributed  in  warm  and  tropical  regions  ;  but  a  few 
are  found  in  cold  climates.  Examples  of  the  Oenera : — Sym- 
plocos,  Styrax.     Miers  enumerates  about  120  species. 

Properties  and  Uses. — These  plants  are  principally  remark- 
able for  yielding  stimulant  balsamic  resins.  Some  yield  dyeing 
agents,  but  these  are  of  little  importance. 

Styrax. — The  species  of  this  genus  frequently  yield  stimulaot  balsamic 
resins! — iS^.  Benzoin,  the  Benjamin  tree,  is  the  principal,  if  not  the  sola, 
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source  of  the  well-known  official  concrete  balsamic  resin  which  is  com- 
monly, but  improperly,  called  Gum  Benjamin.  This  is  usually  obtained 
after  making  incisions  in  the  bark.  Two  kinds  are  distinguished  in  com- 
merce under  the  respective  names  of  Siam  and  Sumatra  Benzoin.  The 
former  is  most  esteemed  in  England.  Benzoin  is  used  in  medicine  as  a 
stimulant  expect/»raut.  It  is,  however,  chiefly  employed  in  the  prepara- 
tion of  benzoic  acid ;  and  on  account  of  its  agreeable  odour  when  heated, 
it  is  a  common  ingredient  in  the  incense  so  largely  used  in  Catholic 
churches.  It  is  also  a  constituent  in  aromatic  or  fumigating  pastilles,  and 
in  court  or  black  sticking  plaster.  In  Brazil  and  elsewhere,  other  species 
of  Stj/rax  yield  similar  balsamic  resins. — 5.  officinale^  a  native  of  Greece, 
the  Levant,  and  Asia  Minor,  was  long  supposed  by  many  to  be  the  source 
of  oor  official  Liquid  Storax;  but  Hanbury  proved  that  while  it  was  the 
source  of  the  original  and  classical  Storax,  this  has  in  modem  times  wholly 
disappeared  from  commerce,  and  that  our  Liquid  Storax  is  the  produce  of 
Liquidambar  orientalis  of  Miller.  (See  Liquidambar.)  Storax  has  similar 
medicinal  properties  to  Benzoin. 

Symptocox. — The  leaves  of  ^V.  Ahtonia  or  Afaionia  theaformit,  are  slightly 
astringent.  The\  have  been  employed  as  a  Tea  in  New  Granada,  under  the 
name  of  Santa-I^^  Tea.  The  leaves  of  S.  tinctoria  (Sweet-leaf  or  Horse- 
Sugar),  a  native  of  North  America,  have  a  sweet  taste,  and  are  eaten  by 
cattle.  They  are  aloo  used  in  dyeing  yellow.  This  plant  has  a  bitter  and 
aromatic  root.  The  leaves  of  other  species  are  also  employed  in  Nepaul  for 
dyeing  yellow.  The  bark  of  S.  racernma  is  likewise  used  in  India  as  a 
dyeing  material  and  as  a  mordant.   It  is  known  under  the  name  of  Lotur  hark. 


Natural  Order  143.     Apoctnace.e. — The  Dog-bane  Order. 
-Character. — Trees  or  stirubsj  usually  milky.     Leaves  entire, 
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Fifj.  933.  Vertical  section  of  the 
flower  of  Periwinkle  (Vinea). 

Fig.  984.  Diagram  of  the 

flower  of  the  same. 


commonly  opposite,  but  occasionally  whorled  or  scattered,  exsti- 
pulate.  Calyx  inferior,  5-partite  {Jig.  984),  persistent.  Corolla 
{Jig.  984)  5-lobed  ;  iBstivation  contorted.  Stamens  {Jig.  984)  5, 
alternate  with  the  lobes  of  the  corolla  ;  JilameiUs  distinct ;  arUhers 
united  to  the  stigma  {Jig.  983),  2-celled  {Jig.  623) ;  pollen  granular. 
Ovary  composed  of  2  carpels  {fg.  984),  which  are  generally 
merely  in  contact,  but  sometimes  united  so  as  to  form  a  2-oelled 
ovary  ;  styles  2  or  1  {Jigs.  594  and  983)  ;  stigma  1,  expanded  at 
the  baae  and  apex,  and  contracted  in  the  middle,  so  as  to  resem*' 
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ble  in  form  an  hour-gltiss  or  dumb-bell  (Jig.  594,  «) ;  omdes 
numerous.  Fndt  consisting  of  1  or  2  follicles,  or  a  capsule, 
drupe,  or  berry.  Seeds  usually  with  albumen,  or  rarely  exalbu- 
miiious. 

DidrihutioHy  Examples,  ai\d  Numbers. — Natives  principally 
of  tropical  regions,  but  a  few  occur  in  northern  regions.  Vinca 
is  the  only  British  genus.  ExampU^ofthe  Genera: — Allamanda, 
Urceola,  Apocynum.     There  are  about  600  species. 

Properties  and  Uses. — The  plants  of  this  order  are  gener- 
ally to  be  suspected,  as  many  of  them  are  intensely  poisonous, 
although  the  fruits  of  a  few  species  are  edible.  Some  are  dras- 
tic purgatives,  and  in  others  the  bark  is  tonic  and  febrifugal. 
India-rubber  or  Caoutchouc,  now  commonly  known  in  commerce 
as  Rubber,  is  obtained  from  the  milky  juice  of  several  species. 

Ahtonia  scholarhy  a  native  of  India  and  the  Philippine  Islands,  has 
a  bitter,  tonic,  and  ajstringent  bark,  \^hich  is  much  esteemed  as  a  remedy 
in  chronic  diarrhoea  and  dvpenterv.  It  is  official  in  the  Indian  Pharma- 
copoeia,  and  is  kno\¥n  as  Alstonia  bark  or  Dita  bark.  It  is  also  reganled 
as  a  valuable  anti periodic  and  tonic.  There  has  been  obtained  from  it  an 
un('ry.stnlli8al)lc  substance  called  ditaiuy  which,  administered  in  the  same 
do?ies  as  quinine,  is  said  to  l>e  an  excellent  tonic.  Recent  experiments  have 
])roved,  however,  that  ditain  is  not  an  alkaloid  but  a  compound  substance 
from  which  an  alkaloid  termed  ditamine  may  be  obtained.  More  recent 
investij^ations  shoir,  however,  that  Cortex  Aistonim  is  not  derived  from 
the  same  |)lant  as  that  yielding  Dita  bark,  but  from  A.  mectabiUs,  a 
native  of  Timor,  the  Molucca.««,  and  the  eastern  parts  of  Java.  It  is  known 
in  Jnva  ns  *  poele,'  and  is  much  used  in  fevers.  It  contains  a  peculiar 
nlkal  id  which  has  been  nnmcd  aJ»tonine  or  aUtnnamine.  It  also  contains 
ditamine.  According  to  Hesse,  Australian  Alstonia  Bark,  which  is  derived 
from  A.  contttricta,  contains  at  least  four  nlkaloids,  wtiich  he  has  named 
lUstonine  {chlorogenine)y  porphyrint,  porphyrosine,  and  afstonidine,  (See  also 
St/ntploco9.) 

Ali/xia  stellata  has  an  aromatic  bark,  which  is  analogous  in  its  properties 
to  that  of  Csnella  and  Winter's  Bark. 

Apocynum. — The  roots  of  A.  cannabinum  and  A.  androttemifolium  are 
emetic  and  slightly  purj^ative.  The  fibre  known  as  Colorado  Htmp^  which 
may  be  used  in  the  manufacture  of  the  finer  kinds  of  paper,  is  obtained  from 
A.  cannahinum. 

AspidiKHpernia  Quebracho  yields  White  Quebracho  Bark,  which  has  been 
lately  highly  recommended  as  a  febrifuge  and  antiperiodic.  It  is  also 
useful  in  dyspncca.  It  contains  a  crystalline  alka  oid,  which  has  been 
termed  aspidosvermine.  The  recent  investigitions  of  Dr.  Wulfsberg  indi- 
cate that  aspiuosperniine  is  identical  with  the  alkaloid  paytine^  described 
by  Hesse  in  1870,  which  he  derived  from  a  bark  known  as  IFhite  Payta 
liurk,  the  source  of  which  is  now  thought  to  be  a  species  of  Aipidtispermti, 
More  recent  investigations  of  O.  lle^rse  have  however  proved  to  hmi  that  uaj^- 
tine  and  aspidospermine  are  quite  distinct.  Hesse  also  found  another  alkaloid, 
which  be  has  named  quebrachine.  The  bark  known  as  /ied  Quebracho  Bark 
is  derived  from  Loxopteriyium  Lorentii^  a  plant  of  the  order  Anacardiaceae. — 
A.  e.Tce/sa^  a  native  of  Guiana,  is  remarkable  for  its  fluted  trunk;  this  is 
employed  for  making  paddles.  Other  spurious  Quebracho  barks  are  also 
known  in  commerce,  one  being  Copalchi  bark,  from  Croton  pseudo-China^ 
(The  genus  Agpidotperma  is  sometimes  placed  in  the  Bignoniaceae.) 

Carissa, — Caii$ta  Caranda*  bears  an  edible  fruit,  which  is  eaten  in  the 
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Eart  Indies,  where  it  is  used  as  a  substitute  for  Red  Currant  jelly.  The 
fruits  of  C,  edulit  and  C.  iomentota  are  also  eaten  in  Abyssinia. 

Geiuospermttm  Ueve,  or  G.  VeUosiij  yields  the  bark  which  is  employed  me- 
dicinally in  Brazil  as  a  febrifuge  and  antiperiodic.  The  tree  is  known  under 
the  name  of  Pcio-Pereira, 

Hancomia  tpeciota  bears  a  delicious  fruit,  which  is  much  esteemed  by 
the  Brazilians.  It  is  termed  Mangalea  or  Manfirava.  The  milky  juice  wh*ii 
hardened  forms  a  kind  of  India  rubber.  Collins  says  that  Pemambuco 
rubber  is  probably  derived  from  this  species.  This  rubber  is  now  imported 
in  large  quantities  from  Pemambuco  and  Ceara.     It  is  of  ^ood  quality. 

lAxndolphia. — L.  Owariensit,  L.  florida^  and  other  species,  yield  African 
Rubl»er. 

Piumieria. — The  flowers  of  P.  alba  and  other  species,  natives  of  the 
West  Indies  and  some  parts  of  South  America,  have  a  delicioas  odour ;  and 
it  is  said  that  the  perfume  known  as  *■  Fran^panni '  is  distilled  from  them. 
— P.  rubra  Is  called  Red  Jasmine  in  the  West  Indies. 

Rovpellia  gratUy  a  native  of  Sierra  Leone,  yields  an  edible  fruit  called 
Crenm  rhiit. 

Tabemwtontana  u<i7(«,  the  Hya-Hya  or  Cow-tree  of  Demerara,  has  a 
milky  nutritious  juice, 

Tanghinia  venenifera^  the  Madaf^ascar  Poison  nut, — The  seeds  of  thi^ 
plant  are  amongst  the  most  deadly  of  pnisons.  It  is  said  that  one  not  larger 
than  sn  almond  will  destroy  twenty  persons.  It  was  formerly  used  as  an 
ordeal  in  Madagascar. 

Thevetia  neriifolia. — The  bark  of  this  West  Indian  shrub  is  reputed  to 
possess  valuable  antiperiodic  properties. 

Urceola  eiastica  \»  one  of  the  principal  plants  of  the  order  yielding  India 
rubber.  According  to  Collins  it  yields  Borneo  rubber,  and  probably  other 
India  rubber  imported  into  Singapore,  although  some  of  this  is  obtained  from 
Ficvs  elastica.    (See  Ficus.) 

Vahea  gummifera^  a  native  of  Madagascar,  and  other  species,  yield  a 
kind  of  rubber.  This  kind  is  much  valued  in  France,  where  it  is  sometimes 
known  as  Mauritius  Rubber. 

Wriphtia. — The  bark  of  IF.  antidysenUrica  or  Hblarrhena  antiefytenteriea 
is  febrifugal  and  astringent.  It  is  called  Conessi  bark.  The  seeds  have 
similar  properties.  Both  the  bark  and  seeds  are  much  used  in  India.  From 
jy,  tinctoria  a  blue  dye  resembling  Indiijo  is  obtained.  The  wood  of  TV. 
coccinea  and  W.  mollissima  are  also  employed  in  India  for  palanquins,  and  by 
turners. 

Natural  Order  144.  Loo ani ace.«.  — The  Spigelia  or  Stiychnoa 
Order. — Character.  — Shnihs^  Jw r6s,  or  trees.  Leaves  opposite , 
entire,  with  stipules  ;  the  latter,  however,  sometimes  exist  only 
in  the  form  of  a  raised  line  or  ridge.  Calyx  {fig.  473)  inferior,  4 
— 5-partite.  Corolla  {fig.  473)  regular,  4—5,  or  10-deft ;  aBstiva- 
iion  valvate  or  convolute.  Stamens  sometimes  anisomerous  ;  an- 
thers 2-celled  ;  pollen  3-lobed.  Ovary  2,  3,  or  4-celled  ;  sty^ 
simple  below,  and  with  as  many  divisions  above  as  there  are  cells 
to  the  ovary ;  stigma  simple.  Fruit  capsular  or  drupaoeo-baccate ; 
placeiUas  axile,  ultimately  detached.  Seeds  usually  peltate, 
sometimes  winged,  with  fleshy  or  cartilaginous  albumen.  This 
order  is  by  no  means  well  defined. 

Distrilytition,  Examples,  and  Numbei's. — Almost  all  natives  of 
tropical  regions.  Examples  of  the  Oenera : — Spigelia,  Log^oiay 
Strychnos.     There  are  about  200  species. 
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Properties  and  Unes. — These  plants  are  almost  universally 
poisonous,  acting  on  the  nervous  system  and  producinj^  fright- 
ful convulsions.  Some  have  been  used  in  medicine  in  torpid 
or  paralytic  conditions  of  the  muscular  system,  and  for  their 
tonic  and  anthelmintic  properties,but  they  require  much  caution 
in  their  employment,  and  can  generally  be  only  given  in  very 
small  doses. 

Gelseinium  nitidum.  or  tempervirenMy  Yellow  Jasmine. — The  root  is  official 
in  the  United  States  PharmucofKeia,  and  is  said  to  be  of  evspecial  value  in 
neuralgic  pains  of  the  fa<.'e  and  jaws,  it  is  evidently  a  remedy  of  great 
|K>wer,  and  deserves  an  extended  trial  in  this  country.  It  is  now  largely 
employed  in  the  United  States  in  intermittent,  remittent,  typhoid,  and 
other  fevers,  in  rheumatism,  various  obscure  nervous  diseases,  and  other 
affections.  The  active  principle,  termed  peUeminia  or  geUemia,  exercises  a 
sedative  action  on  the  nervous  system,  and  is  said  to  correspond  in  its 
action  very  closely  to  conium.     It  is  very  poisonous. 

Spigeiia. — ^V.  marylandic€i,  Carolina  rink,  Wormseed,  Perennial  Worra- 
graivs.  The  root  and  leaves  of  this  plant  are  much  employed  in  the  United 
States  of  America  as  anthelmintics,  but  the  root  only  is  official.  In  large 
doses  they  o|)erate  as  irriUmt  cathartics,  and  in  poisonous  doses  af  narcotics. 
They  are  but  little  used  in  this  country. — S.  Anthelmia^  Demerara  Pink 
Root,  is  employed  for  similar  purposes  in  Guiana  and  the  West  Indies. 

^trychnos. — This  genua  contains  some  of  the  most  poisonous  plants  that 
are  known. — 1$.  Ignatii. — This  plant  yields  the  seeds  known  as  St.  Ignatia8*8 
beans  ;  these  come  to  us  from  the  Philippine  Islands,  and  are  official  in  the 
United  StuU^s  Phannacopocia.  They  are  intensely  bitter,  and  contain  the 
alkaloid  Stryrhnia  in  even  larger  proportions  than  Nux- vomica  seeds. 
Their  etTects  are  similar  to  them  j  they  are  largely  used  by  homoeopathic 
practiti<»ners.  They  are  also  much  employed  in  India  in  native  practice. 
—  v>\  Aiix-txnnicUf  the  Kooohla  tree,  produces  Nux- vomica  seeds,  so  well 
known  for  their  powerfully  poisi*nous  ctTects.  These  seeds  owe  their  viru- 
lent properties  to  the  presence  of  the  alkaloids  Btrychnia  and  brucia^  but 
n)ure  especially  to  the  former.  It  is  st;ited  by  some  authors,  but  upon  what 
authority  we  Icnow  not,  that  the  fruit  of  FeuHlma  cordifolia  is  an  antidote 
to  this  poison.  (See  FeuUltea).  Both  the  seeds  and  the  alkaloid  strychnia 
have  been  employed  as  stimulants  of  the  uer\'ous  system  in  paralysis. 
They  are  also  valuable  tonics.  Nux-vomica  seeds  are  imported  from  Coro- 
mandel,  Ceylon,  and  other  parts  of  India.  In  consequence  of  the  enonnous 
quantities  which  have  been  of  late  years  broucht  to  this  country,  it  was 
formerly  thought  that  they  were  emplo3'ed  in  the  manufacture  of  bitttr  ale 
on  ac  ount  of  their  intense  bitterness,  but  this  has  been  satisfactorily'  dis- 
proved. A  large  quantity  of  bo^h  nux-vomica  seeds  and  strychnia  are 
employed  by  gamekeepers,  and  others,  to  destroy  vermin ;  and  both  the 
.seeds  and  strychnia  are  hUo  largely  exported  to  Australia,  where  they  are 
extensively  employed  for  destroying  the  native  dog  (dingo)^  and  vermin. 
The  large  imp;jrtation  of  the  seeds  into  this  country  is  therefore  satisfac- 
torily accounted  for,  and  need  give  rise  to  no  further  misgivings  as  to  their 
improper  use.  The  bark  of  IS.  Ntue-vomica  is  also  very  poisonous  owing 
to  the  pre<3ence  of  brucia  chiefly ;  but  it  also  contains  traces  of  strychnia. 
As  already  noticed,  it  was  formerly  substituted  for  cuaparia  or  anguttura  bark 
(see  p.  492),  hence  it  is  likewi:<^e  known  as  fal$e  angustura  bark.  This  bark 
is  also  frequently  sold  in  Calcutta  under  the  name  of  Rohun^  from  which 
eircuni!4tance  it  has  been  substituted  for  the  febrifuge  bark  of  Soymida 
feftrifuga^  the  Rohuna  tree  (see  p.  482).  The  leaves  and  wood  are  alao 
employed  medicinallv  in  India.  The  juic«  of  Strychnoi  Tieute  is  the  Java 
poison  called  Upas  fieut^    It  owes  its  poisonous  properties  to  Strychnia. 
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This  poison  mast  not  be  confounded  with  the  true  UpM,  which  is  derired 
from  A  species  of  AntiarU.  (See  AntiarU.)  The  recent  investigations  of 
Plancbon  have  shown  that  the  celebrated  arrow-poison  which  is  prepared 
b}'  various  Indinn  tribes  in  the  northern  parts  of  South  America,  and  known 
as  Wourcdiy  Urari^  or  Curare^  is  essentially  prepared  from  species  of 
Strychnoa.  Planchon  has  also  proved  that  different  species  are  employed 
in  its  preparation  in  different  districts.  Thus  in  the  region  of  the  upper 
Amazon,  <S.  Cantelnamna  is  U8ed  ;  in  the  up|)er Orinoco  region  anew  species, 
named  S.  Gubieri^  is  the  essantial  element  of  the  Curare  ;  in  British  Guiana 
5.  tnxifera  is  principallv  used,  but  this  is  associated  with  S.  cogent  and 
S.  Schomburgkli ;  while  tW  fourth  kind,  the  Curare  of  upper  French  Guiana, 
is  also  prepared  from  a  new  species  named  <S\  Crtcauxii,  Wourali  has  been 
e^nploved  in  tetanus,  but  with  no  very  satisfactory  results.  The  wood  of 
5.  coiubrina  and  <9.  liguttrina,  natives  respectively  of  Malabar  and  Java, 
is  employed  as  an  antidote  to  the  bites  of  poisonous  snakes,  hence  it  is 
termed  Lignum  colubrinum  or  Snake-wood.  Several  other  kinds  of  wood 
are,  however,  known  in  Asia  under  the  same  name.  Lignum  colubrinum  has 
been  also  employed  as  a  cure  for  intermittent  fevers,  and  for  other  purposes. 
It  contains  »lrychnia^  and  therefore  requires  much  caution  in  its  use. 
The  bark  of  ^.  Pseudo-Quina  is  exten.'«ively  employed  in  Brazil  as  a 
substitute  for  Cinchona  Bark.  It  contains  neither  atrychnia  nor  brucia, 
and  is  devoid  of  poii^onous  properties.  It  is  frequently  erroneously  called 
Capaichi  bark  (see  Croton  for  the  source  of  this  bark).  The  dried  ripe 
seeds  of  <$?.  potatorum  are  devoid  of  poisonous  properties.  They  are  em- 
ployed by  the  Hindoos  to  clear  muddy  water,  hence  the  name  of  CUaring- 
nuta  which  is  commonly  ap;)lied  to  them.  Their  efficacy  is  due  to  the 
presence  of  albumen  ana  ca.>ein,  which  act  as  fining  agents  in  a  similar 
manner  U)  analogous  agents  emplu>  ed  for  beer  and  wine.  These  seeds  are 
also  reputed  to  be  emetic.  The  pul[)  of  the  fruit  of  »S.  potatorum  is  edible, 
as  is  also  that  of  S.  Paeudo-Quina,  S.  intuwua,  and  some  other  species; 
and,  according  to  Roxburgh,  that  of  S.  Au.c-vnmica  is  likewise  greedily 
eaten  by  birds. 

Natural  Orders  145  and  146.  Diapensiacb^e  and  Stilbace.£. 
— These  are  two  small  orders  of  shrubby  plants  which  are  placed 
by  Lindley  in  his  Gentianal  alliance,  and  regarded  by  him  as 
nearly  allied  to  Loganiaceae.  The  Diapensiacese,  of  which  there 
are  but  2  genera,  and  2  species,  the  uses  of  which  are  unknown, 
are  natives  of  North  America  and  Northern  Europe  ;  and  the 
Stilbaceae,  of  which  there  are  3  genera,  and  7  species,  without 
any  known  uses,  are  natives  of  the  Cape  of  Good  Hope. 

Natural  Order  147.  Gentian ace.«. — The  Gentian  Order. — 
Character. — Herbs  or  rarely  8/inc/>«,  usually  smooth.  Leaws 
generally  simple,  entire,  opposite,  sessile,  and  strongly  ribbed  ; 
rarely  alternate,  or  stalked,  or  compound ;  always  exstipulate. 
Flowers  {fig.  426)  almost  always  regular,  variously  coloured, 
axillary  or  terminal.  Calyx  inferior,  persistent,  usuaUy  with 
6  divisions,  or  occasionally  with  4,  6,  8,  or  10.  Corolla  per- 
sistent, its  divisions  corresponding  in  number  to  those  of  the 
calyx  ;  solvation  imbricate-twisted,  plaited,  or  induplicate.  Sta- 
mens  as  many  as  the  segments  of  the  corolla  and  alternate  with 
them.  Ovary  1-celled,  or  rarely  partially  2-celled  from  the  pro- 
jection inwards  of  the  placentas  ;  ovules  numerous  ;  placentas  2, 
parietal  {fig.  6^5),  anterior  and  posterior  to  the  Axis,  and  fro* 
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quently  turned  inwards  ;  style  1  ;  stigmas  2,  right  and  left  of  the 
axis.  Fruit  capsular  (fig.  675),  2-valved,  with  septicidal  dehis- 
cence ;  or  a  berry.  Seeds  numerous  (Jig,  075),  small ;  embryo 
minute,  in  the  axis  of  fleshy  albumen. 

Di<i>gnortis.  — Usually  smooth  herbs.  Leaves  without  stipules. 
Flowers  nearly  always  regular.  Calyx  and  corolla  persistent, 
with  an  equal  number  of  lobes.  Stamens  alternate  to  the  lobes 
of  the  corolla,  and  equal  to  them  in  number.  Ovary  superior, 
1-celled,  with  2  parietal  placentas  placed  anterior  and  posterior, 
sometimes  meeting  in  the  centre  and  forming  a  2-celled  ovary  ; 
style  1  ;  stigDias  2.  Seeds  small,  numerous,  with  a  minute 
embryo  in  the  axis  of  fleshy  albumen. 

Division  of  tJie  Order  and  Examples  of  the  Gertera  : — The  order 
may  be  divided  into  two  sub-orders,  the  characters  of  which 
are  essentially  derived  from  the  aestivation  of  the  corolla  : — 

Sub-order  1.  Gentianese. — Corolla  imbricate-twisted.  Exam- 
ples : — Gentians,  Chlora. 

Sub-order  2.  Menyanthejx. — Corolla  plaited  or  induplicate. 
Examples : — Menyanthes,  Villarsia. 

Distribution  and  Numbers, — They  are  found  in  nearly  all  parts 
of  the  world,  inhabiting  both  the  coldest  and  hottest  regions. 
There  are  upwards  of  500  species. 

Properties  and  Uses. — A  bitter  principle  almost  universally 
pervades  the  plants  of  this  order  ;  hence  many  of  them  are  tonic, 
»tuuiachic,  and  febrifugal. 

Erythraea  Centaurium,  Common  Centaury,  is  an  indi^^enous  plant  pos- 
sessing similar  properties  to  Gentian.  It  was  till  lately  official  in  our 
])barmacopoeias.    Other  species  have  similar  properties. 

Kxacuin. — Various!  species,  as  K.  bicolory  E.  pendunculatum,  and  others, 
natives  of  the  East  Indies,  possess  the  tonic  and  stomachic  properties  of 
Gentian,  and  may  be  substituted  for  it. 

Frasera  caroltnensu  or  JValteri. — ^I'he  root  is  official  in  the  Pharmacopcpja 
of  the  United  States.  It  is  conmionly  known  as  American  Calumba.  It 
has  much  less  bitteruess  than  Gentian  root ;  and  hence  though  similar  in 
properties,  it  is  less  powerful.  It  has  been  sold  for  Calumba  in  France, 
and  is  th^refore  sometimes  termed  faite  Calumba, 

Gentiana  lutta. —  i  his  plant  is  a  native  of  the  mountains  of  central  and 
southern  Euro[)e.  Its  r«>ot  is  our  official  Gentian,  so  well  known  for  its 
bitter  tonic  properties.  The  roots  of  other  species  of  Gentian  are  fi-equently 
found  mixed  with  it  in  commerce,  us  those  of  G.  purpurea^  G.  punctata^  and 
G.  Pannonica  ;  this  admixture  is,  however,  of  little  consequence,  as  they 
all  po^sesis  similar  properties.  Powdered  gentian  is  sometimes  used  to  give 
flavour,  &c,  to  cattle  foods.  From  Gentian  root,  the  Swiss  and  Tyrolese 
)>re,)are  a  spirit  which  is  much  prized  by  them  as  a  stomachic.  The'rooi  of 
G.  Catesbtei  is  official  in  the  Pharmacopoeia  of  the  United  States,  and  has 
similar  properties  to,  though  less  powerful  than,  those  of  G.  lutea, 

Menyanthes  trifoliata.  Buck-bean,  Bo^^-bean,  or  Marsh  Trefoil. — ^The 
leaves  and  rhizome  are  tonic  and  astringenti,  and  in  large  doses  cathartic 
and  emetic.  The  plant  has  been  employed  in  Lapland,  and  some  parts  of 
Germany,  as  a  sul^titute  for  hops,  it  was  till  lately  official  in  our  pharma- 
copa'ias. 
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Ophelia  (Apathotes)  Chiraia^  the  Chiretta  or  Chirayta. — The  dri«d  plant 
and  root  possess  great  bitterness.  Chiretta  is  used  by  the  natives  of  India 
as  Gentian  is  employed  in  Europe.  It  is  also  in  use  as  a  tonic,  &c.,  in 
this  country,  and  is  official  in  the  British  Pharmacopoeiai  Other  species, 
natives  of  the  East  Indies,  have  similar  properties,  but  are  less  valuable.  C>ne 
of  these,  namely,  O.  angHstifnlia,  is  now  often  substituted  in  this  country 
for  the  genuine  drug,  as  was  first  noticed  by  the  author. 

Saljhatia  angulari*^  American  Centaury. — The  herb  and  root  are  em- 
ployed in  the  United  States  for  their  tonic  and  febrifugal  properties. 

Natural  Order  148.  Asclepiadace^. — The  Asclepiaa  or 
Milk-weed  Order. — Character. — Shrubs  or  herbs,  commonly 
milky,  and  frequently  of  a  twining  habit.  Leaves  entire,  exsti- 
pulate.  Flowers  regular  {Jigs.  985  and  986).  Calyx  and  corolla 
6-partite  (Jigs.  985  and  986)  ;  aestivation  of  the  latter  imbricate 
or  rarely  valvate  ;  the  calyx  persistent  (Jig.  560),  the  corolla 
deciduous.     Stamens  6  (Jig.  985),  alternate  with  the  lobes  of  the 


Fig.  986. 


Fig.  987. 


Fig.  985. 


Fig.  985.  Diagram  of  the  flower  of  Asclepicu  nivea. Fig.  986.  Flower  of  a 

ppecles  of  Atelepias,  with  the  stamens  united  and  forming  a  tube  round 

the  pistil,    p.  Corolla,    a.  Appendages  of  the  stamens. Fig,  987.  One 

of  the  stamens  of  the  same  removed.   /.  Filament,    a.  Anther,    p.  Horn- 
like appendage. 

corolla  ;  Jilaments  usually  combined  so  as  to  form  a  tube  round 
the  pistil  (Jig.  986),  or  sometimes  distinct ;  antJters  frequently 
appendiculate  (^.  987,  p)  ;  *  pollen  when  the  anther  dehisces,  co- 
hering in  masses  (Jig.  560,  6)  and  sticking  to  5  processes  of  the 
stigma  (Jig.  560,  p)  by  twos,  or  fours,  or  singly.*  Ovary  superior 
(Jig.  985),  formed  of  2  carpels,  which  are  more  or  lass  adherent 
below,  but  distinct  above ;  styles  2 ;  stigmas  united  and  expanded 
into  a  fleshy  5-comered  head,  the  pollen-masses  adhering  to 
gelatinous  processes  arising  from  its  angles  (Jigs.  5G0,  «,  and  986). 
Fniit  consisting  of  2  follicles,  or  1  by  abortion.  Seeds  numerous, 
generally  comose  (Jig.  744),  with  thin  albumen. 

Diagnosis. — This  order  is  at  once  distinguished  amongst  the 
Epipetalte  by  its  curiously  formed  stigma,  and  adhering  jiollen* 
masses. 
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DUtrihution,  Examples,  atui  Numbers, — They  are  chiefly  tro- 
pical plants,  abounding  in  southern  Africa,  India,  and  equinoctial 
America.  Exampksofthe  Genera : — Heinidesmus,  Solenostemnia, 
Calotropis,  Asclepias,  Hoya,  Stapelia.  There  are  about  1,000 
species. 

Properties  and  Uses. — The  plants  of  this  order  are  chiefly 
remarkable  for  their  bitter  acrid  juice,  ivhich  renders  them 
stimulant,  emetic,  purgative,  and  diaphoretic.  Several  species 
are  reputed  to  be  antidotes  to  snake-bites.  The  milky  juice  of 
some  species  contains  caoutchouc  ;  but  no  important  commer- 
cial kind  of  Rubber  is  obtained  from  them.  The  parts  of  some 
are  edible,  as  the  roots  of  Gomplwcarpus  peduiiculatusy  and  the 
tubers  of  Ceroperjia  Vigiialdiana,  &c, 

Asclepitu. — The  root  of  A.  Curatrnvica  is  employed  in  some  of  the  West 
Indian  islands  n»  an  emetic,  hence  it  is  termed  Bastard  Ipecacuanha.  From 
the  stems  of  A.  tenacigsima^  Jetet  or  Tongotnf  fibres  are  obtained.  The  root 
of  A.  tuberotOy  the  Butterfly-weed  or  Pleurisy-root,  is  employed  in  the 
United  States  as  a  diaphoretic  and  expectorant. — A,  incamata^  Swamp 
Silk-weed,  is  used  in  North  America  as  an  anthelmintic,  and  in  asthma  and 
rheumatii«m. 

Calotropis, — The  dried  root  bark  of  C.  gigantea  and  C.  procera  form 
Mudar  bark,  which  is  official  in  the  Indian  Pharmacopceia,  and  has  been 
much  employed  in  cutaneous  affections.  It  has  been  also  used  as  a  substituts 
for  Ipecacuanha.  It  contains  a  bitter  principle.  According;  to  Royle,  Ak  or 
Mudar  fibres  are  obtained  from  this  bark.  The  bark  of  the  root  of  C 
Hamiltonii  possesses  similar  properties^  &nd  is  said  to  yield  Yereum  fibres. 

Ojnanchum. — The  expressed  juice  of  C.  monspeiiacum  mixed  with  other 
purgative  substances  constitutes  French  or  MontptUier  Scammony. — C 
ovalifidium.  yields  caoutchouc  at  Penang. 

Gnnolobus  Cundurango. — Cunduran^o  or  Condurango  bark  has  been 
introduced  into  this  country  and  elsewhere  as  a  specific  antidote  to  cancer, 
but  extensive  trials  have  shown  that  it  is  as  iLseless  as  a  remedial  agent 
«s  any  of  the  reputed  cancer  cures  that  have  preceded  it. 

Gymnema. — G.  lactiferum  is  the  Cow-plant  of  Ceylon.  It  derives  its 
common  name  from  producing  a  juice  resembling  milk  in  colour  and  consis- 
tency. The  leaves  when  boiled  and  chopped  into  pieces  are  administered  to 
nurses  under  the  idea  that  they  increase  the  secretion  of  milk. — G.gylvestre^ 
a  native  of  Northern  India,  has  the  singular  property  when  chewed  of  de- 
stroying the  power  of  tasting  su^ar  for  twenty-four  hours,  without  in  any 
other  wny  interfering  with  the  !»ens€  of  taste. 

Ilemidfamus  indicus. — The  roots  are  known  under  the  names  of  Indian 
or  Country  sarsaparilla,  and  as  Nunnari  root.  They  were  originally  im- 
ported under  the  name  of  Smilax  aftpera,  from  an  erroneous  idea  of  their 
origin.  They  resemble  {«arsaparilla  in  their  properties,  and  are  largely 
used  in  India  as  a  substitute  for  it.  Hemides^mus  is  official  in  the  British 
Pharmacopeia. 

Margdenia. — M.  iinctnria,  a  native  of  Silhet,  produces  a  kind  of  indigo. 
— 31.  tenaciggima  has  very  tenacious  fibres,  which  are  used  for  bow-strings 
by  the  mountaineers  of  Knjmahl. 

Sulenostemma  {Cynanchum)  Argel. — The  leaves  have  been  much  em- 
ployed to  adulterate  Alexandrian  Senna.    (See  Cassia,  p.  524.) 

Tylophora  asthmatica. — The  dried  leaves  form  an  efficient  substitute  for 
Ipecacuanha.  They  are  official  in  the  Pharmacopoeia  of  India.  The  root 
has  similar  properties. 
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Natural  Order  14'J.  Cori)IACB«. — The  Cordia  or  Sebeatcn 
Order. — Character-^Treei  with  altemdta  scabrous  Uavei,  ex- 
atipulate.  Calyx  and  amilta  5-merniia  ;  xstivation  of  the  corolla 
imbricate.  Stametis  6,  alternate  with  tlie  eegmenta  of  the  co- 
rolla ;  autfuTi  versatile.  Ovary  superior,  4 — S-celled,  with  1 
pendulous  ovule  in  each  cell  ;  itigma  4 — 8-cleft.  Frvit  drupa- 
ceous, 4 — 8-celled,  or  frequent);  some  of  the  cells  are  abortive  ; 
plocentuf  axile.  Seedi  1  in  each  cell,  pendulous  bj  a  long  cord  j 
aUmnufi  none  ;  colyledotia  plaited  longitudinally. 

DUtrilmtuin,,  Eiximptei,  and  JVnmben.  ^Natives  almost  ex- 
cluaively  of  tropical  regions.  Examples  of  tA<  Oan^ra : — Cordia, 
Varronia.     There  are  above  160  species. 

Prooeitita  aiid  Uses. — The  fruits  of  many  species  are  edible,  as 
those  of  Cordia  Myxa  and  C.  latifolia,  which  are  called  Sebestena 
or  Sebesten  plums,  and  are  eaten  by  the  natives,  and  others,  in 
Jndia  ;  those  of  Cordia  cAymnica,  Wanzey  or  Vanaey,  which  are 
esteemed  by  the  Abyssinians  ;  and  the  succulent  fruits  of  Var- 
nmia  rotmulifolia,  which  are  used  to  fatten  cattle  and  poultry. 
The  bark  of  G.  Myxa  is  reputed  to  be  a  mild  tonic  and  astringent. 
Some  species,  as  Cordia  Rumpkii  and  Cordia  Gtraaainthnt,  yield 
useful  and  ornamental  timber.  The  wood  of  Cordia  Myxa  is 
said  to  be  that  from  which  the  Egyptians  constructed  their 
mum  my -cases.  (See  also  Ficiii.)  Anacuhuite  Wood,  asubstance 
imported  into  this  country  a  few  years  since,  and  recommended 
as  a  tonic,  &c. ,  is  derived  from  Cordia  Boiuieri. 

Natural  Order  150.  CoNi'Oi.vuLAi.'E^.  — The  Convolvulun 
or  Bindweed  Order. — Character, — Herbs  or  nAntti,  generally 


twining  (Jig,  218)  or  trailing,  and  milky.  Leaves  (Jig.  218)  alter- 
nate, exatipulate.  Calyx  inferior  {Jigs.  988  and  989),  with  6  deep 
divisions,  much  imbricated,  persistent.  CoroUa  {Jig$.  988  and 
989^  5-partite  or  6-plaited,  regular,  deciduous,  without  scalw 
in  its  tube  ;  xstivafion  plaited.     Stamem  5,  alternate  with  tha 
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lobes  of  the  corolla  {fig.  989).  Otwry  {fig.  989)  2,  3,  or  4-ceIled, 
or  the  carpels  are  more  or  less  distinct ;  ovules  1 — 2  in  each  cell 
or  carpel,  erect.  Fruit  capsular,  1 — 4-celled,  with  septifragal 
dehiscence.  Embryo  {fiij.  990)  large,  curved  or  coiled  in  a  small 
quantity  of  mucilaginous  albumen,  with  foliaceous  crumpled 
cotyledons. 

Distrihution,  Examples^  and  Numbers. — They  are  chiefly  found 
in  the  plains  and  valleys  of  hot  and  tropical  regions.  A  few 
occur  in  temperate  climates,  but  they  are  altogether  absent  in 
the  coldest  latitudes.  Examples  of  the  Genera  : — Convolvulus, 
Ipomcea,  Batatas.     There  are  about  700  species. 

Properties  aiul  Uses.  — They  are  chiefly  remarkable  for  the 
presence  of  an  acrid  milky  purgative  juice  in  their  roots,  hence 
the  order  includes  some  important  medicinal  plants.  The  pur- 
gative property  of  the  juice  is  essentially  due  to  the  presence  of 
peculiar  resins.  In  the  roots  of  other  species  this  purgative  prin- 
ciple is  either  absent  or  in  but  small  quantity,  and  st.arch  or  sugar 
predominates,  which  renders  them  edible.  The  seeds  of  some 
species  are  also  purgative. 

BatatuM  edulis. — Tlie  root  of  this  plant  constitutes  the  Sweet-Potato^ 
which  is  so  largely  used  for  f<x»d  in  many  tropical  countries. 

Cimvofvutus^  Bindweed. — From  the  incised  living  root  of  C.  Scammonta^ 
the  otHcial  and  valuable  purgative  gum-resin  called  Scammonvis  obtained. 
This  plant  is  a  native  of  Asia  Minor,  Syria,  the  Crimea,  an<l  Greece.  The 
best  and  greater  part  of  the  Scammony  of  English  commerce  is  imported 
from  Smyrna.  The  roots  of  many  other  species  also  possess  in  a  certain 
de^free  purgative  properties  ;  as  those  of  our  native  species,  Conv'dvulus 
{Cali/stegia)  iepiumf  C.  arventiisy  and  C.  Soldantlla.  It  is  said  that  Otn- 
volvulus  dUnectua  yields  hydn>cyanic  aciil  when  distilled  with  water.  It  is 
one  of  the  plants  used  for  flavouring  Notfau. 

Exogonium  (^IjyomaRo)  Furga. — This  plant  is  a  native  of  Mexico,  near 
Chicanquiaco.  Its  tubercular  roots  constitute  the  true  Jalap  of  the  Materia 
Mediea,  so  well  known  as  a  purgative.  Jalap  is  official  in  the  British 
rharmac:)}>a'ia. 

Jpnmvei. — The  roots  of  1.  oriztibensin  are  sometimes  found  intermixed 
with  true  jalap.  Thi^i  spurious  jalap  is  known  in  Mexico  as  nutlejalapt  and 
in  Kn:;lish  commerce  as  woody  jalap  or  Jalap  woodj  and  on  the  Continent 
as  light  or  fusiform  jalap.  It  possesses  similar,  although  somewhat  less 
iiowerful  properties  to  those  of  true  jalap.  The  roots  of  /.  Turpethutn, 
furpeth,  wore  formerly  much  used  as  a  purgative.  The  large  roots  of 
/.  macrurhiza  contain  much  farinaceous  matter,  and  are  eaten  by  the 
inhabitants  of  Georgia  and  Carolina. — /.  pandurafa  is  the  Mechameck  of 
the  Indians  of  North  America;  its  rojts  are  said  to  be  purgative  .and 
s>me wh.it  diuretic.  Tampico  jalap^  now  frequently  employed  as  a  substi- 
tute for  true  jala])  (see  Kxogonium)^  is  derived  from  Ipomcea  simulans.  It 
appears  to  be  nearly,  if  not  quite,  as  powerful  as  the  official  kind. — Ipomcea 
{r/iarbitis)  Nil. — I'he  seeds  are  official  in  the  Pharmacopoeia  of  India, 
under  the  name  of  Kaladana.  They  possess  similar  medicinal  properties  to 
our  official  jalap,  but  are  not  quite  so  active. 

Bhodorrhiz:!. — From  the  species  of  this  gentis,  natives  of  the  Canary 
Islands,  the  volatile  oil  called  Oil  of  Rhodium  is  commonly  said  to  be  ob- 
tained ;  but  at  the  present  time  the  so-called  oil  of  Khodiumof  commerce  is 
a  mixture  com|)Ounaed  according  to  the  taste  of  the  vendor  and  the  pocket  of 
the  buyer.    The  pjwdered  wood  is  also  used  for  suuif,  and  for  fumigation.  - 
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Natural  Order  161.  Cuscutace^. — The  Dodder  Order. — 
Diag^nosis. — This  is  a  small  order  which  is  generally  regarded  as 
a  sub-division  of  the  Oonvolvulacese.  The  plants  of  which  it  is 
composed  are  distinguished  from  those  of  that  order  by  their 
parasitic  habit  (Jig.  252) ;  by  the  absence  of  leaves  (fig.  262)  ;  by 
the  tube  of  their  corolla  being   furnished  with  scales  (fig.  9^91), 


Fig.  991. 


Fig.  992. 


Fi{f.  991.  Corolla  of  Dodder 
(Cuaeuta)  Md  open  to  ahow 
the  scales  on  the  inside  of 

its    stamens. Fig.    992. 

Spiral  embryo  of  a  species  of 
Cuscuta. 


which  alternate  with  its  segments  ;  and  by  having  a  filiform 
coiled  embryo  (fig.  992),  with  almost  obsolete  cotyledons. 

Distribution,  Examples,  and  Numbers. — Cliiefly  natives  of 
temperate  climates.     Tnere  are  about  60  species. 

Properties  and  Uses. — They  are  said  to  be  purgative  in  their 
action.  They  are  often  very  destructive  to  Flax,  Clover,  and 
other  crops. 

Natural  Order  152.  Polemoniace^. — The  Phlox  Order. — 
Character. — Herbs.  Leaves  opposite  or  alternate.  Calyx  in- 
ferior, 6-partite,  persiHtent,  generally  regular.  Corolla  6-lobed, 
with  contorted  or  occasionally  imbricated  aestivation.  Stamens 
5,  alternate  with  the  segments  of  the  corolla  ;  pollen  usuaUy  of  a 
blue  colour.  Ovary  3-celled  ;  style  1  ;  stigma  trifid.  Fruii  cap- 
sular, 3-celled,  3-valved  ;  placenta  axile.  Seeds  few  or  many  ; 
embryo  straight,  in  the  axis  of  copioiis  homy  albumen ;  cotyledons 
elliptical,  foliaceous. 

Distrtbiiiion,  Examples,  and  Numbers. — They  abound  most  in 
the  temperate  parts  of  North  and  South  America  ;  but  are  far 
less  abundant  in  Europe  and  Asia,  and  altogether  unknown  in 
tropical  countries.  Examples  of  the  Genera : — Phlox,  CoUomia, 
Polemonium,  Cobrea.     There  are  above  100  species. 

Properties  and  Uses. — Of  no  importance  except  for  the  pret- 
tiness  of  their  flowers.  The  seeds  of  CoUomia  and  some  other 
plants  of  thLs  order  have  their  testa  covered  with  hair-like  cells 
containing  spiral  fibres  ;  these  fibres  in  Collomia  expand  in  coils 
when  the  seeds  are  moistened.     (See  page  326.) 

Natural  Order  153.  Solan  ace^e. — The  Solan  urn  or  Potato 
Order. — Character. — Herbs,  or  rarely  shrubs,  or  trees,  with 
a  colourless  juice.  Leaves  alternate,  often  geminate.  InfloreS" 
cefux  axillary,  or  frequently  extra-axillary  (fig,  349).     ITowen 
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UomerauH  {fig.  993).  Cniiw  (fig.  993)  with  G  or  rarely  4  diviaions. 
Cdi-'Ala  {fig.  993)  regalar  or  somewhat  irre^ilor,  5-  or  rarely  4- 
partite  ;  attivatiiftt  valvate,  induplicate,  or  imbricate,  Slameta 
equal  in  nmnber  to  the  lobea  of  the  corolla,  with  which  they  are 
alternate  {fig.  993),  the  fifth  stamen  Bumetiniea  stei'ile  ;  aitthen 


2-ceUed,  with  longitudinal  or  porous  dehiscence  {fig.  534).  Onary 
eupenor  {figt.  993, 994,  and  996),  uaually  2-celled,  in  which  caaa 
the  cella  are  placed  anterior  and  posterior,  rarely  3-  to  5-ceUed  ; 
ityU  (figi.  994  and  996)  simple ;  iligma  clarate  or  2-lobed. 
Fi-uU  capsular  or  baccate,  2  ot  more  oelled.     Seed*  numerouif 
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albuminous  ;  embryo  straight,  or  curved  in  a  more  or  less  annular 
or  spiral  form  {Jig.  995). 

DiagU'Osis. — Herbs  or  rarely  shrubs  or  trees,  with  alternate 
leaves,  and  a  colourless  juice.  Flowers  isomerous.  Calyx  and 
corolla  with  6,  or  rarely  4  divisions.  Corolla  regular  or  very 
slightly  irregular  ;  aestivation  valvate,  imbricate,  or  induplicate. 
Stamens  equal  in  number  to  the  lobes  of  the  corolla  ;  anthers  2- 
celled,  with  porous  or  longitudinal  dehiscence.  Ovary  superior, 
usually  2-celled,  the  cells  being  then  placed  anterior  and  pos- 
terior ;  or  rarely  more  celled.  Fruit  dehiscent  or  indehiscent,  2- 
or  more  celled.     Seeds  numerous,  albuminous. 

In  former  editions  of  this  Manual,  following  the  views  of 
Miers,  we  madeaneworder,Atropacea3  ;  but  as  this  arrangement 
has  not  been  generally  adopted,  we  have  now  combined  the  latter 
order  with  the  Solanacete  ;  but  on  account  of  the  more  import^mt 
medicinal  value  of  the  Atropacese  of  Miers,  we  retain  this  order 
as  a  sub-order,  and  divide  the  Solanaceai  as  follows  : — 

Sub-order  1.  Solnncff.. — Estivation  of  the  corolla  valvate  or 
induplicate.  Stamens  equal  in  number  to  the  lobes  of  the 
corolla.     Examples: — Cestrum,  Solanum. 

Sub-order  2.  Atropex. — Estivation  of  the  corolla  imbricate, 
or  some  modification  of  imbricated.  Stamens  e<[ual  in  number 
to  the  lobes  of  the  corolla,  one  occasionally  sterile.  Examples : 
— Atropa,  Lycium. 

Distribution  aiid  Numbers. — They  are  scattered  over  various 
parts  of  the  globe  except  the  polar  circles,  but  are  most  abun- 
dant in  tropical  regions.  This  order,  as  defined  above,  contains 
about  1,120  species. 

Sub-order  1.  Solanese. — Properties  and  Uses. — The  plants  of 
this  sub-order  frequently  possess  narcotic  properties,  but  not  by 
any  means  to  the  same  extent  as  those  of  the  Atropeie.  Fatal 
cases  of  poisoning  have,  however,  occurred  from  their  improper 
use.  Some  are  pungent  and  stimulant  owing  to  the  presence 
of  an  acrid  resin  ;  others  contain  a  bitter  tonic  principle ;  and  a 
few  have  edible  fruits,  leaves,  or  tubers.  It  has  been  stated 
that  the  juice  of  the  Solaneaj  does  not  produce  dilatation  of  the 
pupil  of  the  eye,  as  is  the  case  with  that  of  many  plants  of  the 
Atropeae  ;  but  this  is  not  strictly  correct. 

Capsicum. — Tbe  species  of  this  peniis  are  remarkable  for  the  presence  of 
an  oleo-re.*iinoiis  liquid  in  their  fruits,  which  renders  them  hot,  pungent, 
and  stimulating.  This  oleo-resin  has  been  named  capgicin  ;  but  recently 
this  has  been  proved  to  contain  a  very  minute  proportion  of  a  crj'stalline 
£nbstance  called  capsaicin,  which  is  the  real  active  principle  of  capsicum 
fruits.  The  various  species  of  Capsicum  are  gcneraJly  supposed  to  have 
been  originally  natives  of  some  warm  part  of  the  American  continent,  fnnn 
whence  they  have  become  distributed  over  the  world.  There  are  several 
species  and  varieties  of  Capsicum  in  common  use,  one  of  which  is  officia], 
namely,  the  C,  fastigiatum  of  Blume.    The  fruits  of  this  are  Bometimes  fol4 
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aa  ChilHen ;  but  this  name  is  more  corcmonly  applied  in  this  country  to  the 
fruits  of  C.  annuum.  They  are  better  di8tingui>hed  aa  Guinea  Pepper. 
These  fraiu  are  less  than  an  inch  in  length,  and  are  the  most  pungent  of 
all  capsicum  fruits.  Caj^enne  Pepper  is  the  powdered  fruits  of  probably 
several  species  or  varieties  of  Capsicum,  but  principally  of  C.  fattigiatum. 
The  fruits  of  C.  annuum,  under  the  name  of  Chillies,  are  also  in  common 
use  in  Great  Britain,  the  United  States,  &c  They  are  frequently  two  or 
more  inches  in  length.  Hungarian  Ked  Pep)  er  (paprika)  is  obtained  from 
a  variety  of  C.  annuum  with  a  small  pointed  fruit.  It  is  highly  esteemed, 
and  is  said  to  be  much  used  in  the  prejiaration  of  Cayenne  Pepper. 
Other  varieties  or  species  of  Capsicum  in  use  in  different  parts  or  the 
world,  are  the  C.  ctrasiforme  (Cherry- Pepi)€r  or  Round  Chilli),  C.  gro»- 
$um  (Bell  PepjKT),  C.frutrscens  (Spice  Pepper),  C.baccatum  (Bird  Pepper  J, 
C.  tetragonum  (Bonnet  Pepper).  The  general  name  of  Pod  Pepper  is 
applied  to  the  fruits  of  the  species  and  varieties  of  Capsicum. 

Lycnperaicvm  esculentum. — This  plant  prwluces  the  fruits  called  Love- 
apples  or  Tomatoes,  so  much  employed  in  the  preparation  of  sauces,  and  for 
other  purposes. 

Physalijt. — P,  peruviana  has  an  edible  fruit  which  is  known  as  the 
Peruvian  Winter  Cherry. — P,  Alkekengi,  Winter  Cherry,  and  some  other 
species,  are  diuretic. — Physalis  (  fVithania)  somnifera,  as  its  name  implies, 
is  reputed  to  possess  narcotic  properties. 

Punneeria  (  Withania)  coaguians. — The  dried  fruit  is  employed  in  India 
as  a  carminative  and  stomachic,  and  abo  as  a  substitute  for  rennet  iu  making 
chee'e,  &c. 

Sofanum. — The  Common  Potato,  which  is  so  largely  used  for  food  in 
temperate  climates,  is  tl'C  tuber  of  S.  tuberosum,  A  decoction  of  the  stem 
and  leaves  has  been  used  as  an  alterative  in  cutaneous  diseases,  and  an 
extract  has  l»een  also  employed  as  a  narcotic  and  antispasmodic  The  leaves 
when  roasted  have  been  used  with  success  for  thickening  mordants  in  dye- 
ing. The  medicinal  properties  of  the  Potato  plant  are  chiefly  due  to  the 
presence  of  a  small  quantity  of  an  alkaloid  called  Snlanine  or  solauia, 
which  has  narcotic  properties.  Solania  does  not  produce  dilatation  of 
the  pupil  like  the  alkaloids  of  the  Atropese ;  and  hence  the  reason  why 
the  juice  of  the  Solaneffi  generally  differs  in  such  respect  from  that  of  the 
Atropeoe.  Solania  has  been  detected  in  all  parts  of  the  Potato  plant, 
but  in  the  tuber  all  traces  of  it  are  entirely  removed  by  the  process  of 
boiling  and  preparing  potatoes  for  the  table.  Starch  is  largely  obtained 
from  pr»tatoes,  and  use<l  f(»r  footl  under  the  names  of  English  arrownotf 
B right's  nutritious  farina^  &c.  It  is  employed  to  a  great  extent  in  the  pre- 
paration of  dextrine  or  Starch-gum,  which  is  used  in  the  arts,  &c.,  as  a  sub- 
stitute for  gum,  size,  and  paste. — Solanum  Dulcamara,  Woody  Nightshade 
or  Bitter-Hweet.  The  dried  young  branches  are  ofHcial :  they  are  said  to 
be  diuretic  and  diaphoretic,  and  are  employed  as  an  alterative  in  cutaneoua 
diseases,  and  in  other  ca&es.  They  aleo  possess  slight  narcotic  properties 
owing  to  the  presence  of  solania.  The  fruits  are  in  rare  cases  even  poison- 
ous, for  one  or  more  fatal  cases  of  poiscming  by  them  have  occurred  within 
the  last  few  years. — 15?.  nigrum,  Black  Nightshade,  also  possesses  alterative 
and  narcotic  properties.  1  he  fruit  is  said  to  be  edible;  but  if  such  be  the  case, 
its  use  for  food  requires  caution,  as  solania  has  been  found  in  it.  In  the  Mau- 
ritius, however,  this  herb  as  well  as  i?.  oleraceum  are  common  pot-herbs  and 
are  largely  consumed.  The  fruits  of  several  species  of  Solanum  are  also  eaten 
iu  various  parts  of  the  world,  as  those  of  5.  Melongena  and  S.  ovigerum,  which 
are  called  Eug-apples ;  those  of  S.  quitoense,iiamei\  Quito  Oranges  ;  those 
of  iS*.  laciniaium  in  Australia,  where  they  are  termed  Kangaroo-apples; 
those  of  5.  muricntum  and  ii^.  nemorense  in  Peru  ;  and  those  of  S.  anmropo' 
phagorum  and  S.  repandum  in  the  Fiji  Islands.  The  leaves  of  S.  oleraceum 
and  S.  anthropophagorum  are  likewise  eaten  by  theFijians. — <S.  marginatun^ 
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has  nstringent  propertiee,  and  is  employed  in  Abyssinia  in  the  process  of 
tanning.— «S\  PgeudoquinOj  a  Brazilian  species,  is  much  employed  in  that 
country  as  a  tonic  and  febrifuge.  Several  species  of  Solatium  are  also 
reputed  to  have  diuretic  properties,  as  ^.  mamtnosum,  S.  panicuUtium,  and 
others.  The  flowers  and  leaves  of  5.  cemuum  are  sudorific,  and  have  been 
employed  in  gonorrhoea,  syphilis,  &c. 

Sub-order  2.  Atropeas. — Properties  and  Uses, — Many  of  the 
plants  have  powerful  narcotic  properties  ;  hence  several  are 
very  poisonous.  The  juice  of  numerous  species  will  produce 
dilatation  of  the  pupil  of  the  eye.  (See  Properties  and  Uses 
of  the  SolanesB,  page  606.) 

Atropa  Belladonna^  Deadly  Nightshade  or  Dwale,  is  a  powerful  poison. 
It  is  employed  internally  as  an  anodyne  and  antispasmodic,  and  externally 
for  dilating  the  pupil  of  the  eye.  John  Harley  regards  it  as  a  valuable 
remedy  in  scarlatina.  It  owes  its  activity  to  a  peculiar  alkaloid  called 
atropia^  which  is  frequently  employed  to  produce  dilatation  of  the  pupil, 
and  for  other  purposes.    Atropia  is  a  most  powerful  poison. 

Datura. — D.  Stramonium. — A  narcotic  property  is  possessed  by  all  parts 
of  the  plant,  and  is  especiallv  developed  in  the  seeds.  Its  medicinal  effects 
resemble  those  of  Atropa  Belladonna.  It  is  emploved  as  an  anodvne  and 
antispasmodic.  In  spasmodic  asthma^  smoking  the  "herb,  or  inhalation  from 
its  infusion  in  warm  water,  has  frequently  given  great  relief,  but  its  use 
requires  much  caution,  as  it  has  in  rome  instances  produced  fatal  results. 
A  strong  decoction  of  the  leaves  is  used  in  Cochin  China  as  a  remedy  for 
hydrophobia,  in  which  disease  it  is  reputed  to  be  very  efficacious.  Stramo- 
nium owes  its  principal  activity  to  the  presence  of  a  narcotic  alkaloid  called 
daiuria^  which  much  resembles  and  is  probably  identical  with  atropia,  the 
alkaloid  of  Atropa  Belladonna.  Recent  investigations  appear  to  show  also 
that  it  is  identical  with  duboisia  and  hyoscyamia,  (See  uuboisia.)  Daturia 
is  a  powerful  poison,  and  strongly  dilates  the  pupil. — D.  cdba,  D.  Tatula^ 
D./astuosa,  and  other  species,  have  similar  properties  to  D.  Stramonium.  In 
India  JJ.  alba  is  frequently  used  by  the  natives  for  criminal  purposes, 
the  professional  poisoners  from  this  drug  being  called  Dha*ureeas.  The  fruit 
rf  D,  sanguinea,  the  Red  Thom-Apple,  is  in  use  among  the  Indians  of  the 
Andes,  and  in  Central  America,  in  the  preparation  of  narcotic  drinks  ;  these, 
it  is  believed,  produce  a  peculiar  excitement,  and  enable  those  who  partake 
of  them  to  have  communication  with  the  spirits  of  their  ancestors. 

Duboisia  myoporoides. — This  plant,  which  is  a  native  of  New  Caledonia 
and  some  parts  of  Australia,  is  closelv  allied  to  Belladonna  in  its  properties, 
and  contains  a  closely  allied  alkaloicf  which  has  been  named  duboisia.  It  is 
now  said  that  this  alkaloid,  hyoscyamia,  and  daturia,  are  of  the  same  nature. 
The  leaves,  known  as  *  Pitury,'  and  used  as  an  Australian  substitute  for  coca 
(see  Erythroxylon),  are  obtained  from  D,  Hopwoodii,  They  are  said  to 
contain  an  alkaloid  analogous  to  nicotia. 

Hyoscyamus  niger.  Henbane. — The  whole  herb  possesses  narcotic  proper- 
ties, and  is  employed  medicinally  as  a  narcotic,  anod^nie,  and  soporific.  Its 
activity  is  essentially  due  to  the  presence  of  the  alkaloid  hyoscyamia  (see 
Duboisia),  which  is  a  powerful  poison  resembling  atropia  and  datuna,  and  like 
them  it  causes  dilatation  of  the  pupil.  Two  varieties  of  Henbane  are  com- 
monly cultivated,  the  Annual  and  the  Biennial ;  the  latter  of  which  is  com- 
monly regarded  as  the  most  active. — H.  albus,  a  native  of  the  region  of  the 
Mediterranean,  possesses  the  same  properties  as,  and  is  probably  of  equal  value 
to,  that  of  H,  niger. — H.  insanus^  a  native  of  Beluchistan,  is  sometimes  turd 
for  criminal  purpoaes.  It  is  said  by  Stocks  to  be  a  very  poisonous  species. 
It  is  called  Mountain  Hemp. 
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re«mll«n«  lo  llie  hninan  form,  hente  their  aime.  This  Mindrake  must 
not  be  eimfaunded  irilh  Ihe  mot  i>f  Br^Hia  diaica,  whbb  is  also  somelime* 
nn  namfd.  (See  p.  546.)  Mondtske  1*  an  acro-narcatic  poisnn,  and  wai 
uteii  by  iheanrienU  lu  an  ansithvtic.  The  plant  is  called  UeTi)'«-a)>ple  \>j 
the  Arabs.     Mandrake  is  contidcred  lo  be  tbe  Dudalm  of  Scripture. 

.VicciC^no.— The  leaves  of  varloiu  apecjei  and  varieties  supplj-  the 
dilTerctit  kinds  of  Tobacco,  now  in  siicb  K'neral  use  in  aonu!  form  or  olhor 
in  nearly  ci-erv  port  of  the  i;1iil>e.  Mr.  Crawford  eitiinated  the  tol^  annual 
producti'oD  of  Ci.L)aceo  over  the  whole  Kl"1>e  in  18S1  at  3,000,000  tons,  which, 
at  the  value  of  id.  per  pound,  would  amount  to  more  than  B7.000,00«.  W«r- 
liUR.  The  consumption  of  tobacco  in  this  country  ha*  enormouslj  increased 
of  late  I'ears,  and  is  still  incre«'«ing.  Thus  in  the  year  1841  tbe  ouantitv  ot 
totincco  cleared  for  cousumpllau  in  the  United  Kingdum  amounted  to  ID)  oa. 
per  head  of  population,  lu  the  vear  I^^l  tbe  amount  bad  increased  tu 
I  III.  01  oz.  per  iieid ;  in  the  vear  IStil  to  I  lb.  St  07.  i  in  the  year  186S  la 
llb-IJiHi.:  and  intbe  yeat'lH&i  to  I  lb.  5  oi.  In  IS74,45.3b3,Sai)  lbs.  of 
unnianufactured  tobacco  was  retained  for  home  coniamplioii,  and  of  manufac- 
tured ci)(ar«  and  snuir  nearly  1.280,164  lba.,orneBrl7  IJ  lbs.  per  head  of  the 
population,  and  the  duty  paid  on  this  vas  nearly  7,600.000'.  slerlinK.  The 
total  annnnl  production  of  tol'Bcco  over  the  whole  globe  at  the  present  time 
U  priibalily  not  lew  than  9,000.000  Inns.  Tobacco  owes  its  principal  proper- 
tieK  to  the  presence  of  an  alkaloid  called  m'cntu,  which  is  a  most  energetic 
poison.  Tobacco  has  been  employed  in  medicine  aa  a  local  iliinuliDt,  and 
as  a  sedative,  antispasmodic,  emetic,  laialive,  and  diuretic.  The  principal 
kind-  of  Tobacco  are  Ihe  American,  Laiakla,  Cuba,  and  Havaniiah,  from 
X.  Tal'ocum :  the  Sliirai  or  Persian,  from  N.  periicn  j  the  East  Indian  and 
Turkish,  from  A'.  m.Wm;  Cuba  and  Orinoko,  from  .A*.  itdwiM. 

SeopaliaJaponica.^^Tht  root  is  uwd  in  Japan  for  similar  purposes  as 
that  at  Almpa  Bttladmna  in  Europe  and  America.  It  hiis  been  itnported 
inder  the  name  of  Japanese  Belladonna  toot,  and  described 
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Natural  Order  154.     Olbacbj;.— The  Oliye  Order.— Cha- 

icter. — Treet  ot  ehrvba.     Leaves  opposite  {Jig.  433).     Fiovxrt 
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usually  perfect  or  rarely  unisexual.  Calyx  persistent,  4-cleft 
{fig.  998),  sometimes  obsolete  (fig,  29),  inferior  (fig.  1000).  Co- 
rolla regular,  4-cleft  (fi>g.  998),  or  of  4  distinct  petids  (fig.  999), 
or  absent  (fig.  29)  ;  sMtivatioH  valvate  (fig.  998).  Stamens  usu- 
ally 2  (figs.  29  and  999),  rarely  4.  Chary  superior  (fig.  1000^ 
2-celled  (fig.  998),  with  2  suspended  ovules  in  each  cell  (fig. 
1000).  Fniit  dehiscent  or  indehiscent,  often  1 -seeded.  Seeds 
with  abundant  fleshy  albumen  ;  embryo  straight. 

Distribution,  ExamrvpleSf  and  Numbers. — The  plants  of  this 
order  are  principally  natives  of  temperate  regions,  but  a  few  occur 
within  the  tropics.  Examples  of  the  Genera : — Olea,  Ligustrum, 
Fraxinus,  Syringa.     There  are  about  IfeO  species. 

Properties  and  Uses. — The  barks  of  many  plants  of  this  order 
are  tonic  and  febrifugal.  The  mild  purgative  called  Manna  is 
obtained  from  some  species.  The  pericarp  of  the  Common  Olive 
yields  the  well-known  Olive  Oil.  Other  species  are  remarkable 
for  the  hardness  of  their  wood. 

Fraxinus. — F.  exceUior,  the  Common  Ash,  has  a  febrifugal  bark.  The 
leaves  are  reputed  to  possess  cathartic  properties.  This  plant  alio  yieMs  a  small 
quantity  of  Manna,  especially  when  grown  in  a  warm  climate.  The  wood 
possesses  much  strength  and  elasticity  combinMi  with  lightness,  henoe  it  is 
commonly  used  for  ladders,  poles,  and  agricultural  implements.  The  sweet 
concrete  exudation  known  as  Manna  may  be  obtained  by  making  incisions 
into  the  stems  of  two  or  more  ppecies  or  varieties  of  Fraxinut^  but  com- 
mercially our  supplies  are  entirely  obtained  fmm  Fraxinus  OmuM  or  OrmtM 
europwa.  This  plant  is  official  in  the  British  Pharmacopoeia,  together  with 
F.  rotundifalia  as  the  source  of  Manna,  but  the  latter  plant  is  only  a  form 
of  Fraxinus  Ornus  with  more  rounded  leaves,  and  cannot  be  regarded  as  a 
distinct  species.  These  plants  are  natives  of  the  South  of  Europe  and 
Asia  Minor,  but  cummercially  our  supplies  of  Manna  are  now  entirely  de- 
rived from  Sicily,  where  the  trees  are  cultivated  for  that  purpose.  Manna 
is  a  mild  tigreeable  laxative.  It  owes  its  properties  to  mannite^  and  a 
peculiar  resin. — Fraxinus  chinensis  is  the  tree  upon  which  the  insect 
(Coccus  Fe-la)  producing  the  White  Wax  of  China  feeds. 

Olea. — Olea  europseOj  the  Olive. — The  ripe  fruit  has  a  very  fleshy  peri- 
carp ;  this  yields  by  expression  the  fixed  oil,  known  as  Olive  Oil,  Salad  Oil, 
and  Sweet  Oil,  which  is  so  largely  used  for  dietetical  purposes,  in  the  arts, 
and  in  medicine.  In  medicine  it  is  principally  employed  externally,  either 
by  it^lf,  or  in  combination  with  other  substances.*  When  administered 
internally,  it  is  nutrient^  emollient,  demulcent,  and  laxative.  The  olives 
used  as  a  dessert  are  ordinarily  prepared  by  first  soaking  the  green  unri[e 
fruits  in  water  to  deprive  them  of  a  portion  of  their  bitterness,  and  then 
preserving  them  in  a  solution  of  salt  slightly  aromatised.  The  /eare«  and 
bark  of  the  Olive-tree  have  been  highly  extolled  by  some  writers  for  their 
tonic  and  febrifugal  qualities.  The  febrifugal  properties  of  the  bark  are  said  to 
be  due  to  a  |>eculiar  principle  which  has  been  named  oliverin.  The  substance 
called  olive  gum  or  oliviie  is  a  resinous  exudation  from  the  Olive-tree.  It  was 
formerly  employed  in  medicine,  but  at  pre^sent  is  not  applied  to  any  useful 
purpose.  The  wood  of  the  Olive  is  much  used  for  cabinet-work.  The  flowers 
of  Oleafragrans  are  employed  in  China  to  give  odour  and  flavour  to  a  |uir- 
ticular  kind  of  tea. 

Syringa  vulgaris^  the  Lilac,  has  a  tonic  and  febrifugal  bark. 

Natural  Order  155.     JASMiNACEiE. — The  Jasmine  Order. — 
Character.— iS/Mrubs,  olVftu twining.    Calyx  persistent,  inferior, 
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with  5 — 8  divisions.  Corolla  regular,  5 — 8-partite  ;  asdivatuyih 
imbricate.  Stamens  2,  included.  Ovary  2-lobed,  2>celled,  with 
1 — 4  erect  ovules  in  each  cell.  Fruit  capsular  or  baccate.  ISeeds 
with  very  little  or  no  albumen  ;  embryo  erect. 

DUtributioiif  Ex^imples,  aiid  Numbers, — Chiefly  natives  of  the 
East  Indies,  but  a  few  species  are  found  in  several  other  warm 
regions  of  the  globe.  Examples  of  the  Cfeiiera: — Jasminum, 
Nyctanthes.     There  are  about  100  species. 

Properties  aud  Uses. — The  flowers  are  generally  fragrant. 
The  volatile  oil  of  jasmine,  which  is  used  in  perfumery,  is  chiefly 
obtained  by  distillation  from  the  flowers  of  Jasminum  ojfvduale 
and  J.  grandiflorum.  The  fragrant  flowers  of  J.  Sambac  are 
used  as  votive  offerings  in  India ;  they  are  also  said  to  have 
much  power  in  arresting  the  secretion  of  milk.  The  leaves  and 
roots  of  some  species  of  Jasminum  are  reputed  bitter,  and  have 
been  employed  for  various  purposes,  but  generally  speaking  the 
order  contains  no  active  medicinal  plants.  The  flowers  of  NyC' 
tanthes  arhor-tristis  are  employed  in  India  for  dyeing  yellow. 

Natural  Order  166.  Salvadorace^.— The  Salvadora  Order. 
— C haracter.  — Shnihs  or  small  trees.  Leaves  opposite,  entire, 
leathery.  Flowers  small,  panicled.  Calyx  of  4  sepals.  Corolla 
4- partite,  membranous.  Stamens  4.  Ovary  1-celled ;  stigmn 
sessile.  Fruit  fleshy,  1-celled,  with  a  solitary  erect  seed.  Seed 
exalbuminous. 

Dlstrihntion^  Examples,  and  Numbers. — Natives  of  India, 
Syria,  and  North  Africa.  Examples  of  the  Genera : — Salvadora, 
Monetia. 

Properties  and  Uses. — Some  are  acrid  and  stimulant.  The 
only  plant  of  importance  is  Salvadora  persica,  which  Dr.  Royle 
has  proved  to  be  the  Mustard-tree  of  Scripture.  The  fruit  of 
this  is  edible,  and  resembles  the  garden  Cress  in  taste.  The  bark 
of  the  root  is  acrid,  and  is  employed  as  a  blistering  agent  in 
India.     The  leaves  are  reputed  to  be  purgative. 

Natural  Order  167.  Myrsinace^. — The  Myrsine  Order. — 
Character. — Trees  or  shrubby  plants.  Leaves  coriaceous, 
smooth,  exstipulate.  Flowers  small,  perfect  or  unisexual. 
Calyx  and  corolla  4 — 6- partite.  Stamens  usually  corresponding 
in  number  to  the  divisions  of  the  coroUa  and  opposite  to  them, 
but  sometimes  there  are  also  6  sterile  petaloid  alternate  ones  ; 
anthers  dehiscing  longitudinally.  Ovary  superior  or  nearly  so, 
1-celled  ;  with  a  free  central  placenta,  in  which  the  ovules  are 
imbedded.  FrtUt  fleshy.  Seeds  1,  2,  or  many  ;  albumen  abun- 
dant, homy. 

Distributionj  Examples,  and  Numbers. — Chiefly  natives  of  the 
islands  of  the  southern  hemisphere.  Examples  of  the  Oenera : — 
Myrsine,  Theophrasta.     There  are  above  300  species. 

Properties  and  Uses. — Of  little  importance.  The  fruits  and 
seeds  of  some  species  are  pungent.  The  fruit  of  Myrsifie  afri- 
cana  is  used  by  the  Abyssinians  mixed  with  barley  as  food  for 
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their  asses  and  mules.  The  seeds  of  Theophrasta  JMssisei  are 
UBed  in  St.  Domingo  in  the  manufiicture  of  a  kind  of  bread. 

Natural  Order  158.  -<Eoiceracr«. — The  ^gioeras  Order. 
— Diagiwsis.  — This  order  includes  but  one  genus  of  plants.  There 
are  5  species  ;  these  inhabit  sea-shores  in  tropical  regions,  and 
their  seeds  germinate  wliile  the  fruits  are  still  attached  to  the 
plant,  and  send  their  roots  down  into  the  mud,  like  Mangroves. 
The  genus  AUgiceras  differs  from  Mjrsinacete  in  its  anthers 
dehiscing  transversely ;  in  having  follicular  fruit  *,  and  in  the 
seeds  being  without  albumen. 

Natural  Order  159.  Primulacb^. — The  Primrose  Order. — 
Character. — Herbs.  Leave^i  (Jig,  389)  simple,  exstipulate. 
Flowers  regular,  perfect  (figs.  476  and  1001 ).  Calyx  (figs.  453 
and  476)  4 — 5-cleft,  persistent,  inferior  (fig.  1002)  or  partly 
superior.  CoroUa  (figs.  476  and  1001,  p)  4 — 5-cleft,  very  rarely 
absent.     Stamens  (fig.  1001,  s)  equal  in  number  to  the  segments 

Fig.  1001. 

.a 


Fig.  1003. 


Fig.  1001.  Flower  of  the  Pimpernel  (Anagallit).  c.  Calyx. 

p.  Petals.    *.  Stamens. Fig.  1002.  Vertical  section  of 

the  flower,   pi.  Free  central  placenta,    s,  Stjle  and 

capitate  stigma. Fig.  1003.  Vertical  section  of  the 

seed  of  Primula  elatior.    t.  Integuments,    p.  Albnmeo. 
e.  Embryo,    h.  Hilom. 


of  the  corolla,  and  opposite  to  them.  Ovary  superior  (fig.  463) 
or  rarely  partly  inferior,  1-celled  (fi^.  1002) ;  placenta  tree  cen- 
tral (fig.  630  and  1002) ;  style  1  (figs.  453  and  1002) ;  stigma 
capitate  (figs.  576  and  1002).  Fruit  capsular  (fig.  702),  with 
transverse  (fig.  702)  or  valvular  dehiscence.  Seeds  (fig.  1003) 
numerous,  with  fleshy  albumen  ;  embryo  placed  transversely  to 
the  hilum. 

Distiibutionj  ExampleSy  and  Numbers. — These  plants  princi- 
pally inhabit  cold  and  temperate  regions  in  the  northern  parts 
of  the  globe.  They  are  rare  in  the  tropics,  where  they  are  only 
found  on  the  sea-shore  or  in  mountainous  districts.  Examples 
of  the  Oenera : — Primula,  Cyclamen,  Samolus.  There  are  about 
250  species. 

Properties  amd  Uses. — Of  no  particular  importance  except 
tor  the  beauty  of  their  flowers.     The  flowers  of  the  Cowalqi 
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(Primnia  vtrii)  are  sedative  and  diaphoretic,  and  are  aometimes 
employed  in  the  manufacture  of  a  Kiporilic  wine.  The  roots 
of  Cyclamen*  are  acrid,  especially  those  of  Cyclamen  hedfrmfoUum, 
which  have  been  used  aa  a.  drastic  purgative  and  emmenagogue. 
The  Cyclamens  are  commonly  known  under  the  name  of  Sow- 
breads, from  their  being  enten  by  wild  boars  in  Sicily. 

Natural  Order  160.  PLrMBAomACB*.— The  Thrift  Order. 
— Character,  —  Herbs  or  umierakrubi.  Leavea  entire,  eiatipu- 
late.  Fluwers  regular  {fig.  1004).  Calyx  tubular,  plaited,  per- 
siitent,  5-partite  {fig.  1004).  CoroUa  (fig.  1004)  membranous, 
5-partite  or  of  5  peteU.  Stiime,ai  [figa.  1004  and  1005)  B, 
opposite  the  petals,  Ut  which  they  are  attached  when  the  corolla 
in  polypetalouB,  and  hypogynous  and  opposite  to  the  divisions 
of  the  corolla  when  this  is  monopetalous  {Jig.  1004).      Ovary 
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1-celIed  (fig''  632  and  1004)  ;  owlt  solitary,  suspended  from  a 
long  cord  arising  from  the  base  of  the  cell  (fig.  632) ;  atyUi  (fig. 
1005)  usually  5,  sometimes  3  or  4.  Frail  utricular,  or  dehiscing 
by  valves  at  the  apex.  8ted  solitar}' ;  embryo  straight ;  albumeH 
mealy,  and  sniail  in  quantity. 

Dittrilrtdiojt,  ExampUi,  at\d  Nfimhfn. — Chiefly  found  growing 
on  the  sea-shore  and  in  salt  marshes  in  various  puts  of  the  globe, 
but  by  far  the  greater  number  inhabit  temperate  regions.  Ex- 
atitpU)  of  the  Ofiixm : — Statice,  Armeria,  Plumbago.  There  are 
about  260  species. 

Properties  and  Utea. — Of  little  importance,  but  acridity  and 
astringency  appear  to  be  the  most  remarkable  properties  of  the 
plants  of  this  order. 
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Plumbago, — ^Tbc  roots  of  several  species  are  acrid  and  vesicant  when 
fresh,  as  those  of  P,  europeea,  Toothwort,  P.  zeylanica,  P.  Mcn»den»,  and  P, 
rt'sea. — P.  toxicaria  is  used  as  a  poison  in  Mozambique. 

Skitice  caroliniana  is  caUed  Marsh  Rosemary  in  the  Hnited  States,  where 
its  root  is  official  and  is  much  employed  as  an  active  astringent.  The  root 
of  8.  latifoHa  has  similar  astringent  properties  to  8,  caroliniana,  and  has 
been  employed  in  Russia  and  Spain  as  a  tanning  agent.  The  roots  of  8. 
mucronata  are  said  by  Holmes  to  constitute  the  drug  known  in  Morocco  as 
Tafrifoy  and  which  is  supposed  to  possess  nervine  properties.  The  roots  known 
under  the  names  of  *  Baycuru '  and  *  Guaycuru/  and  described  by  Symes  and 
Holmes,  are  very  astringent,  and  appear  to  be  derived  from  species  oi  StaHce  ; 
the  latter,  according  to  Holmes,  from  ^.  bra§ilien$iM, 

Natural  Order  161.  Plantaoinacrs. — The  Ribwort  Order. 
— Character.  —  Herbs,  generally  without  aerial  stenis  {Jig, 
1006).    Leaves  commonly  ribbed  and  radical  {fig.  1006).   Flowers 

Fig.  1006. 


Fig.  1007. 


Fiff.  1006.  Plant  of  a  species  of 
Rib-gnus  (naHtago)^  with  ra- 
dical   leares. Fig.    1007. 

Flower  of  tlie  same. 


usually  spiked  {fi^.  408)  and  perfect  {fig.  1007),  or  rarely  soli- 
tary, and  sometimes  unisexual.  Calyx  persistent,  4-partite, 
imbricate  {fi^.  1007).  Corolla  dry  and  membranous,  persistent, 
4-partite  {fig.  1007).  Stamens  equal  in  number  to  the  divisions 
of  the  coi*olIa,  and  alternate  with  them  {fig.  1007) ;  filaments 
long  and  slender ;  anthers  versatile.  Ovary  simple,  but  spuriously 
2  or  sometimes  4^:elled  from  the  prolongation  of  processes  from 
the  placenta  ;  style  and  stigma  simple  {fig.  593).  Capsule  mem- 
branous, with  transverse  dehiscence ;  placenta  free  central.  Seeds 
1,  2,  or  more,  with  a  mucilaginous  testa ;  embryo  transverse,  in 
fleshy  albumen. 

Distributioih,  Examples^  and  Numbers. — They  abound  in  cold 
or  temperate  climates,  but  are  more  or  less  diffused  over  the 
globe.  Examples  of  the  Genera  : — Littorella,  Plantago.  There 
are  above  100  species. 

Properties  and  Uses. — Generally  of  little  importance  ;  but  some 
are  demulcent,  and  others  astringent. 
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Plantago. — The  seeds  of  Planiago  Itpaghufoj  P.  amplexicaulia,  P.  ciHnta^ 
P.  PtyUium,  P.  Cynnpt^  and  othen*,  are  demulcent,  and  may  be  used 
in  the  preparation  of  mucilaginous  demulcent  drinks ;  those  of  the  tint 
species  are  official  in  the  Indian  Pharmacopceia,  and  are  commonly  known 
in  India  by  the  Persian  name  of  Iwpaghul^  or  as  Spogel  seeds.  I'he  three 
first  8pecie>i  are  natives  of  India,  but  the  two  latter  are  European.  The 
leaves  and  roots  of  P,  lanceolata  and  some  other  species  are  slightly  bitter 
and  astringent 

Natural  Order  162.  Hydrophyllacejs. — The  Hydrophyllum 
Order. — Character. — Herbs,  bushes,  or  small  trees.  Leaves 
usually  hairy,  lohod,  and  alternate.  Flowers  either  solitary, 
stalked,  and  axillary  ;  or  numerous  and  arranged  in  a  scorpioidal 
manner.  Calyx  persistent,  5-partite.  CoroUa  regular,  5-cleft. 
Stametis  equal  in  number  to,  and  alternate  with,  the  segments  of 
the  corolla.  Ovary  simple,  1 — 2-celled,  with  2  parietal  placentas  ; 
styles  and  stigmas  2  ;  ovules  2  or  many.  Fmit  capsular,  2-valved, 
2  or  1-celled,  with  a  large  placenta  filling  the  ceU.  Seedsnetted  ; 
allnimen  hard,  abundant. 

Distribution,  Examples,  and  Numbers. — Chiefly  natives  of  the 
northern  and  most  southern  parts  of  the  American  continent. 
Examples  of  the  Getiera  : — Hydrophyllum,  Nemophila,  Eutoca. 
There  are  about  60  species. 

Properties  and  Uses. — Unimportant,  except  as  showy  garden 
plants. 

Eriodictyon  califomicum^  Benth.,  has  a  reputation  among  the  Spaniards 
and  Indians  of  California  as  a  cure  for  consumption  ;  and  is  hence  known 
as  the  Consumptive  weed.  It  has  been  recommended  in  the  United  States 
n8  a  remedy  fur  pulmonary  and  bronchial  affections. 

Natural  Order  163.  BoRAOiNACEiE. — The  Borage  Order. — 
Character. — Herbs    or  shrubs,  with   more   or  less    rounded 


Fio.  1009. 


'^^i^ 


Fig.  1008.  Vertical  sestion 
of  the  fruit  of  Myototis. 
Two  achenia  are  seen, 
and  two  liave  been  re- 
moved.   Fiff.  1009. 

Diagram  of  the  flower 
of  the  Comfrey  (Spm- 
phytum  qfflctnale). 


stems.  Leaves  (fig.  435)  alternate,  entire,  usually  rough,  hv- 
florescence  scorpioid  (fi>gs.  435-437).  Flowers  regular,  symme- 
trical (fi^j.  1009).  Calyx,  (figs.  1008  and  1009)  persistent, 
4— 5-partite.  CoroUa  (figs.  477  and  1009)  regular  or  nearly 
so,  4 — 5-partite,  usually  with  scales  in  its  throat  (fi^.  4tI*J,  r) ; 
estivation    imbricate.      Stamens   (fig.  1009)  equal  in  number 
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to  the  lobes  of  the  corolla  and  alternate  with  them.  Ovary 
deeply  4-lobed  {Jig,  605),  with  a  solitary  ovule  in  each  lobe ; 
style  1  {Jig.  605),  basilar;  stigma  simple  or  bifid.  Fruit  con- 
sisting of  from  2 — 4  distinct  achsBnia,  placed  at  the  bottom  of 
the  persistent  calyx  {Jigs.  696  and  1008).  Seeds  exalbuminous ; 
embryo  straight,  with  a  superior  radicle. 

Jbistribiition,  Examples,  and  Numbers. — Chiefly  natives  of 
temperate  regions  in  the  northern  hemisphere.  Examples  of  the 
Genera : — Echium,  Borago,  Cynoglossum.  There  are  nearly 
700  species. 

Properties  and  Uses. — The  plants  of  this  order  are  chiefly 
remarkable  for  their  mucilaginous  properties  ;  hence  they  are 
mostly  harmless,  and  possess  little  value  as  medicinal  agents. 
Some  species  have  roots  of  a  reddish  colour,  which  renders  them 
useful  as  dyeing  agents. 

Anchusa  {Alkanna)  tinctoria,  Alkanet,  has  a  dark  blood-red  root ;  this 
is  chiefly  employed  to  give  colour  to  oils,  &c.,  which  are  used  in  perfumery, 
and  for  (Ayeing  woods  and  other  purposes. 

Borago  officinalis.  Borage. — fhe  root  is  mucilaginous  and  emollient. 
The  herb  imparts  coolness  to  beverages  in  which  it  is  steeped  owing  to  its 
containing  nitrate  of  potash. 

Echium. — The  broken  leaves,  stems,  and  flowers  of  spedes  of  Echinm 
are  employed  in  India  as  an  alterative,  tonic,  demulcent,  and  diuretic. 
They  are  sold  in  the  Indian  bazaar;)  under  the  nsme  of  Gomabdm, 

Mertensia  maritima  is  called  the  Oyster  plant,  Irom  its  leaves  having 
the  tast«  of  oysters. 

Symphytum. — S.  officinale,  Comfrey,  is  reputed  vulnerary.  The  voung 
leaves  and  shoots  are  sometimes  eaten  as  a  vegetable.  It  is  said  to  ^<rm  a 
good  substitute  for  spinach.  The  root  contains  much  starch  and  mucilagi- 
nous matters,  and  when  finely  scraped  and  laid  on  calico  to  about  the  thick- 
ness of  a  crown  piece,  it  forms  an  excellent  bandage  for  broken  limbs. 
— S.  a*pcrrimum  has  been  recommended  for  cultivation  in  this  country  as 
food  for  pigs,  &c  It  has  long  been  used  as  a  forage  plant  in  Circassia  and 
in  Kussia. 

Natural  Order  164.  Ehretiace^. — The  Ehretia  Order. — 
Diagnosis. — These  plants  resemble  the  Boraginacete  in  most 
of  their  characters,  but  they  difier  in  having  their  carpels  so 
completely  united  as  to  form  a  2-  or  more  celled  ovary  ;  in 
their  terminal  style  ;  and  drupaceous  fruit.  They  are  usually 
characterised  also  by  the  presence  of  a  small  quantity  of  albu- 
men in  their  seeds,  but  this  is  sometimes  absent.  By  some 
authors  the  Ehretiacete  are  made  a  sub-order  of  the  iBoragi- 
naceae. 

Distribution,  Examples,  and  Numbers. — Chiefly  tropical 
plants.  Examples  of  the  Genera: — Ehretia,  Heliotropium. 
There  are  about  300  species. 

Properties  and  Uses. — Unimportant. 

Ehretia. — Some  species  of  Ehretia  have  edible  fhiits.  The  roots  of 
Ehretia  buxifolia.  when  fresh,  are  employed  in  India  by  the  native  prao- 
titiuners  as  an  alterative. 
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N&tural  Order  165.  Nolan acr*.— The  Nolana  Order. — 
Character. — Herba  or  »hrnbs.  Learxi  alternate,  eKstipulat«. 
InJUireaceiice  etraight.  Caltfj:  5-partite,  peniBtent,  withavalvato 
ffistivation,  Curvila  regular,  with  aplaited  icBtivation.  Stamtni 
5,  opposite  to  the  lobes  of  the  calyx.  Oeary  conipoiad  of  from 
5—20  carpels,  either  distinct  or  mora  or  less  combined  into 
several  bundles  ;  elyle  on  a  Heahy  disk,  simple  ;  stvjvui  simple. 
Fruit  composed  of  5  or  more  separate  or  more  or  less  combined 
achnnia,  which  are  enclosed  m  tlie  persistent  calyi.  tk^d  with 
a  little  albumen  ;  tmhrtjo  curved  ;  radicle  inferior. 

DUtrihutii/n,  Examples,  and  Numiiert. — Natives  exclusively 
of  South  America,  especially  of  Chili.  Exampht  af  th*  Geixra : 
— Nolana,  Alona.    There  are  about  36  speoieB. 

Projietiia  and  Umt. — Unknown. 

Natural  Order  IW.  Labiat*.— The  Labiate  Order.— 
Character.— ifei*»  {jig.  388)  or  shruhhy) platil-»,  with  usually 
square  stems.  Lea<x»  opposite  {jig.  :(88),  commonly  strong- 
Bceiited,  exstipulate.  Fiomert  generally  in  axillary  cymes, 
which  are  arranged  in  a  eoDiewhat  whorled  manner  so  as  to 
form  what  are  called  verticiUasters  {fig,  388).     Caltf£  peisistent. 
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either  tubular,  5-  or  10-toothed,  and  regular,  or  insular  and 
bilabiate  {Jig-  457),  with  3 — 10  divisions  ;  the  odd  tooth  or 
division  always  posterior  {fig.  1010).  Corolla  {fiat.  479-482, 
1011  and  1012)  usually  more  ur  less  bilabiate,  with  the  upper 
lip  undivided  {fig.  470)  or  bifid  {fig$.  480  and  481),  and  commonly 
more  or  leu  arched  over  the  lower  lip  {fig.  470),  or  sometimes 
nearly  euppreaaed  {fig.  1011) ;  the  lower  lip  3-lobed  {fig.  1011), 
with  the  odd  lobe  anterior  {fig.  1010)  ;  or  rarely  the  corolla  is 
nearly  regular.  Stameiis  usually  4,  and  then  commonly  dldj- 
nainoua  {figi.  482  and  1014),  or  very  rarely  of  nearly  equal  length, 
or  only  2  by  abortion  {fig.  1013)  ;  anlhen  2  celled  or  1-celled 
by  abortion  ;  the  filament  or  connective  aometimea  forked,  each 
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bmnch  then  bearing  &  perfect  cell,  or  the  cell  on  one  side  obsolete 
or  sterile  (^.  513).  Omrj/ deeply  4-lobed  {>i<j».  604  and  1015), 
seated  on  a  fleshy  disk,  with  1  erect  ovule  in  each  lobe  ;  tlyle  I, 
basilar  ifig».  601  and  1015)  ;  itigma  forked  (fig.  1015).  FmU 
composed  of  from  1 — i  achffinia,  enclosed  hy  the  persiitent 
calyx.  Sted  erect,  with  little  or  no  albumen  ;  tn^ryo  erect,  with 
flat  cotyUdon*. 

Diagnosia. — Herbs  or  Bhrubby  plants,  witli  opposite  esatipu- 
late  leaves.     Flowere  irregular,  uiuymmetrical.     Calyx  [ 


tent.  Corolla  usually  more  or  less  bilabiate.  Stamens  usually 
4  and  then  commonly  didynamoiis,  or  rarely  of  equal  length  ;  or 
only  2  by  abortion.  Ovary  deeply  4-lobed  ;  style  1,  basilar ; 
stignia  bifid.  Frnit  consisting  of  from  1 — 4  ach«enia,  endoaed 
by  tbe  persistent  calyx.     Seed  erect,  with  little  or  no  albumen. 

Dislribulum,  ExampUt,  and  Numbera. — Chiefly  natives  of 
temperate  regions.  ExampleK  of  the  Gtnera : — Iiavandula,  Salvia, 
Boamarinus,  Origanum,  Scutellaria,  Lamium.  There  are  neaily 
2,600  species. 

Prt^rtUtand  17ms. —The  plants  of  this  order  are  entireWfraa 
Irom  any  deleterious  qualities.     They  abound  in  volatile  oil,  and 
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are  therefore  commonly  aromatic,  carminative,  and  stimulant. 
All  labiate  plants  al^o  contain  more  or  less  of  a  hitter  exira^tivt 
matter f  and  many  of  them  possess  an  astriiigeiU  principle,  hence 
they  are  frequently  tonic  and  stomachic.  Several  are  used  in 
perfumery  on  account  of  their  agreeable  odours  ;  and  many  are 
employed  by  the  cook  for  flavouring,  such  as  Thyrmia  vulgaris 
(Garden  Thyme),  Hiymus  citriodonis  (Lemon  Thyme),  SiUina 
ojfficincUis  (Sctge),  Origanum  mUgare  (Marjoram ) ,  Majorana  hor- 
ietisis  (Sweet  Marjoram),  Sainreia  monta^ui  (Winter  Savory), 
Satnreia  horteiisis  (Summer  Savory),  &c.  The  fleshy  under- 
ground stems  of  Stadtys  palustris  and  of  a  species  of  Ckymwn 
are  edible. 

Aniatymelns  uuUabarica  is  in  ^reat  repute  in  Southern  India  as  a  remedy 
in  intermittent  fevers,  catarrhal  artections,  dec. 

Hedettma  puleyioidaty  American  Pennvroval,  is  much  used  in  the  United 
States  (where  the  leaves  and  tops  are  ofl^cial)  as  an  emmenagogue,  and  also 
occasionally  as  a  stimulant  and  carminative. 

Lawmdula. — The  flowers  of  L.  verct.  Common  Lavender,  yield  by  distilla- 
tion with  water  English  Oil  of  Lavender,  which  is  largely  used  in  per- 
fumery, and  also  in  medicine  as  a  stimulant,  stomachic,  and  carminative. 
The  flowers  and  leaves  are  likewise  occasionally  employed  as  a  sternutatory. 
The  flowers  of  L.  tpica  or  latifolioy  French  Lavender,  yield  Oil  of  Spike  or 
Foreign  Oil  of  Lavender,  which  has  a  much  less  agreeable  odour  than  the 
English  Oil,  and  is  not  employed  medicinally,  bat  principally  by  painters 
and  varnish-makers,  and  to  adulterate  English  Oil  of  Lavender. — L,  Stacha» 
also  yields  by  distillation  an  essential  oil,  which  is  commonly  dbtinguished 
as  the  True  Oil  of  Spike. 

Marrubium  vulgare.  Common  Horehound,  is  much  emploved  as  a  domestic 
remedy  in  coughs,  &c.  The  leaves  and  tops  are  official  in  tlie  United  States 
Pharmacopoeia. 

Melitaa  officinaiiif  Common  Balm,  possesses  mild  stimulant  properties. 
It  is  used  as  a  diaphoretic  in  fevers,  as  an  exhilarating  drink  in  nervous 
aflections,  and  as  an  emmenagogue. 

Mentha,  Mint. — Several  species  are  employed  in  medicine,  and  as  swtei 
herbs.  The  volatile  oils  of  two  species  are  oflicial,  nsmely,  of  Jf.  viridity 
Spearmint,  and  of  M.  piperita.  Peppermint. — M.  Puiegium,  Pennyroyal,  M. 
rotundifolia,  M.  aquattca,  M.  arvenus,  and  others,  have  similar  properties. 
The  stearoptene  called  Chinese  Oil  of  Peppermint  is  said  to  be  derived  from  M, 
arventUy  yar.javwiica,  but  Holmes  thinks  it  is  obtained  from  M.  canadenm'i. 
It  has  been  also  referred  to  M.  austriaccu  All  the  species  are  aromatic, 
stimulant,  and  carminative. 

Micromeria  theasinemi*  is  used  in  France  as  a  substitute  for  China  Tea. 

Monarda. — M.  punctata^  Horsemint,  is  used  medicinally  in  the  United 
States,  where  the  leaves  and  tops  are  official.  In  its  properties  it  resembles 
the  ordinary  mints  but  it  is  more  stimulating. — M.  Jistuloia  is  said  to  be 
febrifugal.  The  leaves  of  M.  didyma  and  M.  purpurea  are  used  in  North 
America  as  tea  under  the  name  ot  Osw^o  Tea.  The  flowers  of.  M,  didyma 
are  said  to  contain  the  same  colouring  principle  as  cochineal,  and  may  be 
u^d  for  the  preparation  of  a  kind  of  carmine. 

Nrpeta  (JatariOj  Catmint. — The  leaves  and  tops  are  official  in  the 
United  States  Pharmacopoeia,  and  resemble  the  ordinary  Mints  in  their 
properties. 

Ocymum. — 0.  aJbum  is  used  in  India  as  Tea,  which  is  known  as  Toolsie 
Ten. —  0.  sanctum^  0.  BatUicum,  and  other  S[)ecie8,  are  reputed  throughout 
India  to  possess  stimulant,  diaphoretic,  and  expectorant  properties. 

Oriyanum. — 0.  -vu/yare.  Common  or  Wild  Marjoram,  has  similar  pto 
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perties  to  the  other  labiate  plants.  The  herb  is  official  in  the  United  States 
Pharmacopoeia.  The  dried  leaves  have  been  employed  as  a  substitute  for 
China  Tea.  Hanburv  first  proved  that  the  red  volatile  oil  commonly  sold  in 
the  shops  as  Oleum  Origani  or  OH  of  Thymes  is  obtained  by  distillation  from 
Thymut  vulgaris.  This  oil  is  imported  from  the  South  of  France.  The  herb 
of  O.  Majorana  ( Majorana  hortensis)^  Sweet  Marjoram,  possesses  similar 
properties,  and  was  lormerly  official  in  this  country.  Several  species  of 
Onganum  are  used  by  the  cook  for  flavourii^;,  as  O.  vulgaie,  Comra<m  Mar- 
joram, O.  Majorana  or  diajorana  hortentity  Sweet  Marjoram,  &c. 

Pogoitanon  Patchouli^  Fucha-Pat  or  Patchouly. — ^Ihis  plant  is  a  native 
of  Silhet  and  the  Malayan  Peninsula.  The  dried  tops  are  imported  and 
yield  by  distillation  a  strong-sconted  volatile  oil,  called  Oil  of  Patchouli, 
which  has  been  much  employed  in  perfumery.  The  coarsely  powdered  herb 
is  also  used  for  making  sachets. 

Bosmarinus  ojjficinaiisy  Common  Rosemary. — The  flowering  tops  contain 
a  volatile  oil,  which  imparts  to  them  stimulant  and  carminative  properties. 
This  oil  is  offi(;ial  in  the  British  and  Indian  Pharmacopoeias.  Rosemary  is 
however  chiefly  used  in  perfumery,  and  by  the  hairdresser.  The  flavour  of 
Narboune  honev  is  said  to  bo  due  to  the  bees  feeding  on  the  flowers  of  this 
plant.    The  dried  leaves  are  sometimes  used  as  a  substitute  for  China  Tea. 

Salvia  officinalis^  Common  or  Garden  Sage. — The  leav^  were  formerly 
much  employed  as  tea.  They  are  official  in  the  United  States  Pharma- 
copoeia. An  infusion  of  Sage  is  frequently  used  in  the  United  States  as  a 
gargle  in  common  sore-throat  and  when  the  uvula  is  relaxed.  It  is  also 
stimulant,  carminative,  and  anti-emetic.  Sage  is  also  employed  by  the 
cook  as  a  flavouring  agent,  &c. 

Satureia  Juliana^  called  in  Sicily  erva  de  ibhisi,  is  much  used  a  remedy  in 
intermittent  fevers. — S.  hortensisy  Summer  Savory,  and  S.montafMf  Winter 
Savorv,  are  in  common  use  by  the  cook  for  flavouring. 

T^ymuH  vulgarity  Common  or  Garden  Thyme,  yields  bv  distillation  the 
volatile  oil  known  as  Oil  of  Thyme,  which  fs  official  in  the  United  States 
Phartnacopoeia ;  it  is  a  powerful  locjil  stimulant.  It  is  chiefly  used  in 
veterinary  practice.  It  is  also  employed  for  scenting  soaps.  (See  Origanum.) 
The  solid  crystalline  substance  obtained  from  oil  of  thyme,  and  known  as 
thymol,  has  been  recommended  as  a  disinfectant  in  place  of  carbolic  acid. 
This  and  other  species  cf  Thymus  are  also  employed  by  the  cook  as  flavour- 
^^S  ftgents,  4c.     (See  Properties  and  Usesy  p.  610.) 

Trichostemma  lanutum. — A  decoction  of  the  leaves  of  this  plant,  called 
by  the  Mexicans  RomerOy  is  u;&ed  to  impart  a  black  colour  to  the  hair,  and 
to  promote  its  growth. 

Natural  Order  167.     VERBENACEiE. — The  Vervain  Order. 

■ — Character. — Herbs,   shrubs,   or  trees.     Leaves   opposite  or 

alternate,  ex  stipulate.  Calyx  {Jig.  409)  persis- 
tent, tubular.  Corolla  irregular  {jig,  409),  usu- 
ally more  or  less  2-lipped.  Stameiis  4,  usuaUy 
didynamous,  or  rarely  equal ;  sometimes  there 
are  but  2  stamens  ;  anthers  2-celled.  Ocary  {fig. 
1016)  2-  or  4-celled  ;  style  1,  tenninal  (fig.  1016); 
stigma  simple  or  bifid.  Fruit  dry  or  drupaceous, 
composed  of  from  2 — 4  carpels,  which  when  ripe 
usually  separate  into  as  many  l-seeded  achsenia. 

Fig.  1016.  Pistil    Seed  erect  or  ascending,  with  little  or  no  albu- 
men, and  an  inferior  radicle. 

Diagnosis. — Known  at  once  from  the  Labiatn 

by  their  more  united  carpels  and  terminal  style. 
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of  the  Vervain 
{Verbena). 
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DistribHiion,  Examples,  and  Numbers. — They  are  found  both 
in  temperate  and  tropical  regions.  Exnmples  of  the  C^enera: — 
Verbena,  Lantana,  Tectona,  Clerodendron.  There  are  above  660 
species. 

Properties  and  U:ies. — Many  of  the  plants  are  slightly  aro- 
matic and  bitter,  but  there  are  no  important  medicinal  plants 
included  in  this  order.  Some  are  valuable  timber  trees  ;  other 
species  have  fleshy  fruits,  which  are  edible ;  and  the  leaves  of  a 
few  are  used  as  substitutes  for  China  Tea.  Many  are  cultivated 
in  our  gardens  for  the  beauty  of  their  flowers  and  for  their 
fragrance,  as  the  different  species  and  varieties  of  Verbenaj  the 
AhpysM  or  Lippia  citruydora,  the  Sweet  Verbena  or  Lemon« 
plant,  &c. 

Clerodendron. — The  leaves  of  C.  infortunaium^  an  Indian  species,  possess 
tonic  and  antijteriodic  properties. 

Gmelina  parcifolia  and  G.  iuiatica  have  demulcent  properties. 

Lantana  pneudo-thta  is  u^ed  in  the  Brazils  as  tea,  under  the  name  of 
CapitAtt  da  mafto.    Some  species  of  TAintana  have  edible  fruits. 

Premna. — The  inner  bark  of  P.  taUenti§ 'which  is  known  under  the  name 
of  '  aro  '  at  Vanua  Levu,  is  said  to  be  one  of  the  constituents  of  the  remedy 
now  used  with  success  under  the  name  of  '  Tonga '  in  certain  forms  of  neu- 
ralgia. Sec,     (See  alAO  Rhaphidnphora.) 

Stachytarpha  jamaicentfia  is  reputed  to  be  purgative,  emmena^^^ofi^e,  and 
anthelmintic.  It  is  used  medicinally  in  Liberia  in  the  form  of  tea  to  pro- 
duce abortion,  and  is  there  known  under  the  name  of  •  Abortive  Plant'  Its 
leavcH  are  sometimes  employed  in  Austria  as  a  substitute  for,  or  to  adul- 
terate, China  Tea  ;  this  is  known  under  the  name  of  Brazilian  Tea. 

Tectona  grandis,  Indian  Teak-tree  or  Indian  Oak,  is  the  source  of  the 
very  hard  and  durable  wood  known  as  East  Indian  Teak,  which  is  much 
employed  in  ship-building,  &c. 

Vitex. — Several  species  of  this  crenus  have  acrid  fruits,  as  those  of  V.  tri- 
folia^  VVild  Pepper,  V.  Negundo^  and  V.  Agnuacaatua.  The  fresh  leaves  of 
the  two  former  species  are  in  fi^reat  repute  in  India  for  their  discutient 
properties.  They  are  also  regarded  as  anodyne,  diuretic,  and  emmcna- 
gogue. 

Natural  Order  16S.  Myoporacea — The  Myopora  Order. — 
Diagiwsis. — This  order  is  sometimes  regarded  as  a  sub-order  of 
the  Verbcnacese,  from  which  it  can  be  scarcely  separated.  It 
only  differs  essentially  from  that  order  in  having  pendulous 
seeds,  and  a  superior  radicle. 

DistrihiUiony  Examples,  and  Numbers. — Chiefly  natives  of  the 
southern  hemisphere.  Examples  of  the  Genera : — Myoporum, 
Avicennia.     There  are  about  40  species. 

Properties  and  Uses. — Unimportant.  The  bark  of  Avicenuia 
tomentosa,  White  Mangrove,  and  other  species,  is  much  used 
in  Brazil  for  tanning. 

Natural  Order  169.  SELAOiNACEiE. — The  Selago  Order. — 
Character. — Herbs  or  stiruhs,  with  alternate  exstipulate  leaves. 
Flowers  irregular,  unsymmetrical,  sessile,  bracteated.  Calyx 
persistent,  usually  monosepalous  with  a  definite  number  of  divi- 
sions, or  rarely  consisting  of  two  distinct  sepals.    Corolla  tubular. 
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5-partite.  Stamens  4,  or  rarely  2 ;  awthers  1-oelled.  Ovary 
superior  ;  dyle  1,  filiform  ;  ovuU  solitary ,  pendulous.  Fruit 
2-celled,  with  1  solitaiy  pendulous  seed  in  each  cell.  Seed  with 
a  little  fleshy  albumen  ;  embryo  with  a  superior  radicle.  In 
CRobularia  there  is  but  one  carpel. 

DistHbutum,  ExampUsy  and  Numbers. — Chiefly  natives  of  the 
Cape  of  Good  Hope.  The  species  of  Olobularia  are,  however, 
European  plants.  Examples  of  the  Genera : — Selago,  Globularia. 
There  are  about  120  species. 

Properties  and  Uses, — Of  little  importance. 

Gkibnlaria. — The  GMndariaa  are  purgative  and  emetic.  The  leaves  of 
Globuiaria  Aljfpum  form  the  Wild  Senna  of  Germany.  In  small  doaes  they 
act  as  a  tonic,  and  in  full  doses  as  a  safe,  mild,  and  effcient  purgative.  They 
have  been  sometimes  employed  for  the  adulteration  of  the  official  Senna ;  ancl 
also,  it  is  said,  in  the  process  of  tanning.  They  contain  both  tannic  and 
gallic  acids. 

Natural  Order  170.  Pedaliace^. — The  Pedalium  Order. — 
Character. — Glandular  herbs.  Leaves  entire,  without  stipules. 
Flowers  axillary,  usually  large  and  irregular.  Calyx  5-partite. 
Corolla  bilabiate.  Stamens  didynamous  with  the  rudiment  of  a 
fifth,  included  ;  anthers  2-celled.  Ovary  on  a  fleshy  or  glandular 
disk,  1-celled,  with  2  parietal  placentas  ;  sometimes  spuriously 
4 — 6-celled  ;  style  1 ;  stigma  divided.  Fruit  bony  or  capsular. 
Seeds  wingless,  without  albumen  ;  embryo  with  large  cotyledons, 
and  a  short  radicle. 

Distribution,  Examples^  and  Numbers.  — Chiefly  tropical  plants. 
Examples  of  the  Genera : — Pedalium,  Sesamum.  There  are  about 
25  species. 

.  Properties  a^nd  Uses. — Chiefly  remarkable  for  their  oily  seeds. 

Pedalium  Murex. — An  infusion  of  the  fresh  leaves  and  stems  has  been 
employed  with  success  in  India  in  dysuria  and  gonorrhcea. 

Sesamum  indicum. — The  seeds  yield  by  expression  a  fixed  oil  which  is 
largely  used  in  India,  Japan,  France,  &c.,  where  it  is  regarded  as  an  efficient 
substitute  for  Olive  Oil.  It  is  also  emploved  in  the  West  Indies;  and  in  Egypt 
and  C'eylon  it  is  used  for  cleansing  and  beautifying  the  skin  and  hair. '  It 
is  also  i^aid  to  be  employed  to  adulterate  Almond  Oil.  The  Oil  is  known 
as  Benne,  Sesam^,  Til,  Teel,  Gingili,  or  Gingellv  Oil.  This  oil  is  also 
obtained  from  iS^.  orienfale,  and  both  this  plant  and  that  of  6\  imtUcum  are 
official  in  the  Indian  Pharmacopoeia,  as  its  botanical  *iource.  Sesam^  a^eds 
are  al^io  largely  used  as  food  in  India  and  Tropica]  AfHca.  The  leaves  of 
both  plants  are  likewise  official  in  the  Pharmacopoeia  of  India,  and  are  em- 
ployed in  the  form  of  an  infusion,  as  a  demulcent.  In  the  United  States  they 
are  also  sometimes  used  in  the  form  of  a  poultice. 

Natural  Order  171.  Gesneraobjs. — The  Gesnera  Order. — 
Character. — Herbs  or  soft- wooded  shrubs.  Leaves  wrinkled, 
exstipulate,  generally  opposite  or  whorled.  Flowers  irregular, 
showy.  Calyx  half  superior,  5-partite.  CtyroUa  5-lobed.  Stcimens 
diandrous  or  didynamous  with  the  rudiment  of  a  fifth  ;  anthers 
2-celled,  frequently  united.  Ovary  half-superior,  l>celled,  sur- 
rounded by  an  annular  fleshy  disk  or  by  glands  ;  style  1.  Fr%tit 
capsular  or  succulent,  1-celled,  with  2-lobed  parietal  placentas* 
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Seeds  ntunerous,  with  or  without  albumen  ;  embryo  with  minute 
cotyledons,  and  a  long  radicle. 

Division  of  the  Order  and  Examples  of  the  Genera. — The  order 
has  been  divided  into  two  sub-orders  as  follows  : — 

Sub-order  1.  Gesnerex. — Fruit  partially  adherent  to  the  calyx. 

Seeds  with  a  little  albumen.     Examples : — Gesnera,  Gloxinia. 
Sub-order  2.   Cyrtandrea. — Fruit  not   adherent  to  the  calyx. 

Seeds  exalbuminous.    Examples : — uEschynanthus,  Cyrtandra. 

Disfributio^n  and  Nnmbera. — Chiefly  natives  of  warm  or 
tropical  regions.  The  Gesnereas  are  all  American  ;  the  Cyrtai\drex 
are  more  scattered.     There  are  about  300  species. 

Froperties  and  Uses. — Of  little  importance  except  for  the 
beauty  of  their  flowers,  which  are  common  objects  of  cultivation 
in  this  country.     Some  GesiutresR  have  edible  fruits. 

Natural  Order  172.  CREscENTiAciLfi. — The  Crescentia  or 
Calabash  Tree  Order. — Character. — Small  trees.  Leaves 
sim])le,  alternate  or  clustered,  exstipulate.  Flowers  irregidar, 
growing  out  of  old  branches  or  stems.  Calyx  free,  entire  at 
first,  iJterwards  splitting  irregularly.  Corolla  somewhat  bila- 
biate. Stamens  4,  didynamous,  with  a  rudimentary  fifth  ;  anthers 
2-celled.  Ovary  surrounded  by  an  annular  disk,  1-celled ; 
placentas  2 — 4,  parietal ;  styh  1.  Fruit  indehiscent,  woody. 
Seed.^  large,  numerous,  enveloped  in  pulp,  without  albumen  ; 
cotyledons  large,  amygdaloid  ;  radicle  short. 

Distribution,  Examples,  and  Numbers. — Natives  exclusively 
of  tropical  regions.  Examples  of  the  Genera  : — Crescentia,  Par- 
mentiera.     There  are  about  36  species. 

Properties  and  Uses. — Unimportant. 

Cregcf.ntia. — The  subacid  pulp  of  the  fruit  of  Cretcentia  Cvj'eie,  the 
C'alabash  Tree,  la  eaten  by  the  negrce*  in  America,  and  it»  hard  pericarp  U 
used  for  bottles,  forming  floats,  &c. 

Parmentiera. — The  fruit  of  Parmentiera  eduUa  under  the  Dame  of 
Qfiandhsci/nte  is  eaten  by  the  Mexicans,  and  that  of  P.  cerifirra  is  likewise 
jcreedily  devoured  by  cattle  in  Panama.  The  latter  resembles  a  candle  in 
shape,  and  hence  the  tree  bearing  it  is  named  the  Candle-tree. 

Natural  Order  173.  Bignoni ace^.  —The  Bignonia  or  Trum- 
pet-flower Order. — Character.— Tree*  or  shrubs,  which  are 
often  twining  or  climbing,  or  rarely  herbs.  Leaves  exstipulate, 
usually  opposite.  Inflorescence  terminal.  Floioers  irregular. 
Calyx  entire  or  divided.  Corolla  4 — 6-lobed.  Stamens  2  or  4  ; 
anthers  2-celled.  Ovary  seated  in  a  disk,  2 — 4-celled  ;  plUuenta^ 
axile;  style  1.  Frnit  2-valved,  capsular,  2 — 4-celled.  Seeds 
numerous,  sessile,  large,  winged  ;  albumen  none  ;  embryo  with 
large  leafy  cotyledons. 

Distribution,  Examples,  and  Numbers. — Chiefly  tropical 
plants.  Examples  of  the  Genera : — Bignonia,  Tecoma,  Jaca- 
randa.     There  are  above  450  species. 

Properties  and  Uses. — The  chief  interest  of  the  plants  in  this 
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order  lies  in  their  beautiful  flowers,  although  some  are  used  medi- 
cinally and  in  other  ways. 

Bignonia. — From  the  leaves  of  Bignrmia  Chica  the  Indians  of  South 
America  obtain  a  red  dye  called  Chica  or  Carajuru,  which  is  used  for  paint- 
ing their  bodies  and  arrows,  and  for  other  purpose-*.  Thia  Chica  must  not 
te  confounded  with  Chica  or  Maize  Beer  (see  Zea  May$),  and  other  Chicaa, 
which  are  common  drinks  of  the  Indians  in  South  America.  An  oil  Is  ob- 
tained in  India  from  the  wood  of  Bignonia  xylocarpcu  It  is  reputed  to  be  a 
vaiunble  external  application  in  cutaneous  diseane^. 

TVeoma  — Some  species  of  Tecotna  have  astringent  properties.  The  wood 
of  several  plants  of  tne  order  is  used  in  Brazil. 

Jacaranda. — The  bark  of  Jacaranda  bahamenns  is  employed  as  an  anthel- 
mintic in  Panama. 

Sparattoq}erma. — The  leaves  of  Sparattotperma  Leucantha,  a  Brazilian 
species,  have  powerful  diuretic  properties. 

Natural  Order  174.  Acanthacrs. — The  Acanthus  Order. — 
Character. — Herhs  or  shrubs.  Leaves  opposite,  simple,  ex- 
stipulate.  Flowers  irregular,  bracteated.  CcUyx  4 — 5-partite, 
or  consisting  of  4 — 5  sepals,  persistent,  much  imbricated  ;  some- 
times obsolete.  Corolla  more  or  less  2-lipped.  Stamens  2  or 
4,  in  the  latter  case  didynamous.  Ovary  seated  in  a  disk,  2- 
celled  ;  placentas  parietal,  although  extended  to  the  axis  ;  kyle 
1.  Fruit  capsular,  2-celled,  with  1,  2,  or  many  seeds  in  each 
cell.  Seeds  hanging  by  hard  cup-shaped  or  hooked  projections 
of  the  placenta,  without  wings  ;  albumen  none  ;  cotyledons  large 
and  fleshy  ;   radicle  inferior. 

Distribution,  ExampUa,  and  Numbers. — Chiefly  tropical.  Ex- 
amples of  the  Genera : — Thunbergia,  Ruellia,  Acanthus,  Justicia. 
There  are  nearly  1,500  species. 

Properties  and  Uses. — Generally  unimportant ;  but  several 
sx)ecies  are  mucilaginous  and  bitter. 

Androoraphis. — The  dried  stalks  and  root  of  Andrographis  panieulata 
are  official  in  the  Pharmacopoeia  of  India.  They  are  known  under  the 
name  of  kariydl  or  c^at^  and  are  held  in  high  esteem  in  India  for  their 
bitter  tonic  and  stomachic  properties. 

Bvellia. — From  Ruellia  indigotica  a  blue  dve  is  obtained  in  China. 

Acanthus, — The  species  of  Acanthus  have  lobed  and  sinuated  leaves,  and 
are  said  to  have  furnished  tlie  model  of  the  Corinthian  capital. 

"Natural  Order  175.  Scrophulariace^. — TheFigwort  Order. 
— Character. — Herbs  or  rarely  shrubby  plants,  with  generally 
opposite  leaves  ;  sometimes  parasitical  on  roots.  Inflorescence 
axUlary.  Flowers  (figs.  1017  and  1018)  anisomerous,  irregular. 
Calyx  (fig.  1018)  persistent  (fig.  7(3),  4 — 5-partite.  Corolla 
more  (fi^s.  483  and  484)  or  less  (fi^s.  487  and  488)  irregular, 
4 — 5-partite  ;  sestivation  imbricate  (fig.  1018).  Stamens  2  (fig, 
1017)  or  4,  in  the  latter  case  didynamous  (fig.  564),  rarely  5, or 
with  a  rudimentary  fifth  ;  antliers  introrse.  Ovary  usually  2-celled 
(fig.  1018),  its  component  carpels  being  pla(>sd  anterior  and 
posterior  ;  style  1  (figs.  621  and  1017).     Truit  usuidly  capsular 
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(fig.  703}  or  rarelj  baccate,  ninall}'  2-celled  ;  plaeetUru  axile. 
A'jit  genenUy  niinierous,  albuniiiious  ;  fmhryo  straight  or 
8li<;litlj  curveil.  (Tha  above  definition  of  the  Scrophulariaoefe 
is  in  accordance  with  the  riews  ot  Miers.) 

Dvignosii.—HeT\yB  or  rarely  shrubs.  Flowers  anisomeroiu. 
Infloreacence  axillary.  Calyx  and  corolU  with  4  or  5  dimiDiiB. 
CoivitU  more  or  lesn  irregular,  lestivation  imbricate.  Stameiu  2, 
or  i  and  then  didyiiamnna,  or  rarely  o  ;  anthers  introrse.  Ovaiy 
usually  2-celled,  the  cells  pUiced  anterior  and  i>o8terior ;  stylo  1. 
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baccate.     Seeds  generally  numerous,  alba- 

LHatrHnituitt,  Examplm,  and  A'unibei's. — Tlie  plants  of  thu  or- 
der are  found  in  all  parts  of  the  globe.  Examples  of  the  Qevera : — 
Calceolaria,  Verbascum,  Antirrhinum,  Scrophularia,  Veronica, 
RlunanthuB.    As  above  defined,  there  are  about  1,700  species. 

pTopeHirii  and  Uats. — The  plaute  ot  tliis  order  must  be  re- 
garded with  suspicion  as  some  are  powerful  poisons.  H&ny 
are  bitter,  others  astringent,  somepui^tive,  emetic,  or  diuretic, 
and  a  few  possees  narcotic  properties.  A  Kreat  many  speciee  are 
cultivated  m  our  gardens,  &e.,  on  account  of  the  beauty  of  their 
flowers. 

Ci^raria  bifalia  i»  used  in  Centrsl  Americii  ns  Lea. 

Digilalii  purpuna.  Foitilove. — Thia  is  by  (tl  th«  mntt  iTnporUnt  medi- 
oinaJ  (ilsnt  in  the  ordfr.  Tbe  roots,  leaves,  and  weds  are  the  most  aclivj 
piirt.1,  hut  the  dried  leavu  <^nly,  are  now  ofiicisl  in  the  Itritiah  l'liarn>s- 
caiupin.  Foxjclore  ii  laricelv  tu>ed  as  it  diuretii^  In  droptilrs,  sad  ai  a  Beds- 
live  nf  the  circulation  in  duesses  of  the  heart,  &c.  In  improper  dnaeBltiaa 
deadly  poison.  It  owea  its  activity  ementially  to  the  preaence  of  a  potrer- 
fuHv  poiMnou.-"  bi Iter  principle,  called  7>ijp(a/in ;  bnl  which  in  proper  dosea  i« 
a  vHluable  medicine,  and  is  oflicial  in  the  Briliah  PhamiBcop<ElB.  DieitsHn 
it  reputed  to  be  a  powerfDl  anaphrodieiac.  Other  spedea  of  Digiudit  have 
siaiilar  piopertiea  to  those  of  D.  purpuTta,  but  they  are  not  so  aetiva  as  it. 
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Gratinla  nJUcinaiiM,  Hwlffe  Hyssop,  was  formerly  official  in  out  phanna- 
cnp<piaH.  It  p<i88CM9e8  purgative,  emetic,  and  diuretic  properties,  and  in 
large  doses  is  said  to  be  an  acrid  poison. 

Leptandra  (  Venmica)  virginica. — The  root  or  rhizome  is  official  in  the 
United  Slates  Pharmacop<pia.  When  fresh  it  act«*  violently  as  a  cathartic. 
The  dried  root,  and  resin  {leptandrin)  obtained  from  it,  are  regarded  as 
excellent  chola^ogues  and  are  used  largely  in  the  United  States  as 
substitutes  for  mercurials. 

Lyperia  crocera. — Tiie  flowers  of  this  plant,  which  is  a  native  of  South 
Africa,  have  been  imported  into  this  country  from  time  to  time,  under  the 
name  of  African  SaflVon.  They  closely  resemble  true  saffron  in  smell  and 
tflste  ;  and  have  similar  medicinal  properties.  They  are  also  employed  for 
dyeing  ;  they  yield  a  fine  orange  colour. 

Scrophularia, — The  fresh  leaves  of  ^S.  nodtma  are  sometimes  used  in  the 
form  of  an  ointment  or  fomentation,  as  an  application  in  skin  diseases  and 
to  indolent  tnmours  &c.  The  leaves  and  roots  of  this  s|>ecies  and  of  >\ 
aquaiica  are  purgative  and  emetic,  and  are  supposed  to  lie  sliirhtly  narcotic. 

Verbeucum. — The  leaves  of  V.  Thaptus,  (>reat  Mullein,  have  emollient, 
demulcent,  and  slightly  narcotic  properties.  Its  seeds  ana  those  of  V.  ukfrum 
are  said  to  be  employed  by  poachers  to  stupefy  fish  in  order  that  they*  may 
be  readily  taken. 

Veronica  — The  leaves  of  V,  officinalis  have  been  used  in  this  country,  and 
on  the  Continent,  as  a  substitute  for  China  Tea,  hence  the  plant  i«»  wjme- 
times  called  The  de  PJCurope,  Tbey  have  aljso  beai  considered  diaphoretic, 
diuretic,  expectorant,  tonic,  &c.,  and  were  employed  formerly  in  pectoral, 
nephritic,  and  other  complaints. 

Natural  Order  176.  Orobanchace.«. — The  Broom-rape 
Order. — Character. — Herbs  of  a  more  or  less  fleshy  charac- 
ter growing  parasitically  on  the  roots  of  other  plants.  J^tems 
scaly,  but  without  any  green  leaves.  Calyx  persistent,  tootlied. 
C<n'oU<i  irregular,  persistent ;  se$tivation  imbricate.  Stametis  4, 
didynamous  ;  anthers  1 — 2-celled.  Ovary  1-celled  ;  its  compo- 
nent caqiels  being  placed  right  and  left  of  the  axis  ;  j)lacentait 
2 — 4,  parietal  ;  style  1.  Fruit  a  capsule.  Seeds  very  numerous, 
minute,  with  fleshy  albumen  and  a  very  small  embryo. 

Distributicyn.,  Examples,  aiid  Numbers. — Principally  natives 
of  Europe,  Northern  Asia,  North  America,  and  the  Cape  of  Good 
Hope.  Examples  of  the  Gerusra : — Epiphegus,  Orobanche, 
Lathrsea.     There  are  about  1 20  species. 

Properties  and  Uses. — The  presence  of  an  astringent  prin- 
ciple is  the  most  marked  property  of  the  plants  of  this  order, 
but  they  are  altogether  unimportant  in  a  medicinal  point  of 
view. 

Kpipheffus. — The  root  of  Epiphegut  virginianaU  called  Cancer- root,  from 
its  having  Wen  formerly  used  as  «n  application  to  cancers.  It  formed  an 
ingredient  in  the  once  c»  lebrated  North  American  nostrum,  called  Martin's 
Cancer  Powder. 

Natural  Order  177.  Lentibulariaoe^. — The  Butterwort 
Order. — Character. — Herbs,  growing  in  w^ater,  marshes,  or 
wet  places.  Leaves  radical,  entire  or  divided  into  thnead-like 
filaments  bearing  little  pouches  or  air  receptacles.  Flovctrs  irre- 
gular.   Calyx  persistent,  bilabiate.     CorftlJ<t  personate,  spurred. 
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Sfamens2,  included  ;  anthers  1-celled.  Ovary  1-celled  ;  style  1, 
short  ;  stigma  bilabiate  ;  pl<icetita  free  central.  Fruit  a  capsule, 
1-celled.  Seeds  minute,  numerous,  withoiit  albumen ;  embryo 
minute,  with  the  cotyledons  much  smaller  than  the  radicle. 

Distribution,  Examples^  and  Numbers. — Natives  of  all  parts 
of  the  globe,  but  more  particularly  of  tropical  regions.  Eocamples 
of  the  Genera: — Utricularia,  Pinguicula.  There  are  about  180 
species. 

Properties  and  Uses. — Of  little  importance.  The  leaves  of 
Pinguicula  and  of  Utricularia  have  the  property  of  dissolving 
and  absorbing  insects,  and  other  animal  matters. 

Pinguicula. — Pinguicula  vulgaris  is  temi<>d  Butterwort,  from  the  property 
its  leaves  are  said  to  possess  of  coagulating  inillL. 


Artificial  Analysis  of  the  Natural  Orders  in  the  Sub-class 
CoROLLtFLORJt.     Modified  from  Lindlcy. 

•^*  A  few  orders  belonging  to  the  other  Sub-classes,  the  flowers  of  which 
are  sometimes  moDopetalous,  are  Ulso  included  in  this  analysis. 

(The  numbers  refer  to  the  Orders.) 
1.  Epigyns. 


A.  Carpel  solitary. 

a.  Anthers  united. 
Ovule  solitary',  pendulous         .        .        •        , 
Ovule  8olitar>%  erect 

b.  Anthers  distinct. 
Fruit  with  1  perfect  cell,  and  2  mdimentary  ones. 

Seed  exalbuminous       ,        .        .       '. 
Fruit  1-cellpid,  and  without  any  rudimentary 
one.    Seed  albuminous         .... 

B.  Carpels  more  than  one. 
a.  Anthers  united. 

leaves  alternate       ■••.•• 
h.  Anthers  distinct. 

1.  Stamens  2. 
Filaments  not  united  to  the  style 
Filaments  united  to  the  style        .        • 

2.  Stamens  more  than  2. 
Anthers  opening  by  pNores    .... 
Anthers  opening  longitudinally. 

Stigma  with  an  indusium .... 
Stigma  without  an  indusium. 
Leaves  without  stipules. 
Stamens  definite, 
leaves  alternate.  Corolla  persistent     Campanulacem.    129. 
Leaves  opposite.     Stem  round         .     CaprifoHacea.     122. 
Leaves  verticillate.    Stem  square  .    Rubiacese.     128. 
Stamens  numerous     «...    JBe/visiacex.    110. 
Leaves  with  stipules. 
Stipulesinterpetiolar.  Flowers  herma- 
phrodite  JRuhiacesf.    128. 

Stipules  cirrhose.    Flowers  unisexual     Cucurbitacess,    99. 

ss2 


Calyceracem.     1 27. 
ComptisUsB,     1 28. 


Valerianacem,    1^. 
Dipsacaeete,    126. 

Lobeliacem.     180. 

ColumelliaeetB.    1 24. 
StyOdiace^.     182. 

Vacciniacese.     133, 

Goodeniacem.     181 
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2.  Hypostaminen. 

A.  Carpel  solitarr. 

Stigma  indttsiate.    Leaves  radical,  entire   .    BrunonitKem,    184. 

B.  Carpels  more  than  one. 

a.  Anther  t  opening  hy  par  a. 

Herbs.    Seeds  with  a  loose-winged  testa     .    Pyrolactm.    137. 
Shrubs.     Seeds  without  wings.     Anthers 
2-celled Ericaceae.    185. 

b,  Anthert  npenima  longitudiMiUy. 

1.  Anthers  1-c^ted Epacridacem.     138. 

2.  Anthers  2-ceileiL 

Plants  with  dotted  leaves ....    Rutacem,    59. 
Parasitic  brown  scaly  plants     .        .        .    Monotropacem,    186. 

8.  Epipetale. 
A.  Flowers  re^lar. 
a.  Ovary  lobed. 

Inflorescence  scorpioidal.  .Estivation  of  corolla 

imbricate Boraginaeem.    163. 

Inflorescence  straight.    Corolla  with  a  valvate 
aestivation.    Leaves  exstipulate   .        .        .    Nolanacew,    165. 
h.  Ovary  not  lobed. 

1.  Carpeh  more  than  three,  distinct  or  combined. 
Stamens  equal  in  number  to  the  petals  and 
opposite  them. 
Stem  herbaceous.    Style  1.  Fruit  a  cap- 
sule       .......     Primtdacese.     159. 

Stem  woody.    Style  1.    Fruit  fleshy,  inde- 

hiscent   .        .* Myrsinacess.    157. 

Stem  herbaceous  or  woody.      Styles  5, 
(rarely  8  or  4).  Fruit  membranous       .    Plumbaginacete.    160. 
Stamens  not  opposite  the  petals  if  of  the  same 
number. 
Carpels  distinct. 

Seeds  numerous Crassulacea.    89. 

Seeds  few       .       '.       '.       '.       '.        .    Anonacese,    4. 
Carpels  combined.  Ovary  2  or  more  celled. 
Ovules  erect  or  ascending. 
^Estivation    of  the  corolla   plaited. 

Fruit  dry Convolvulaees8.    150. 

Estivation  of  the  corolla  imbricate. 

Fruit  fleshy Sapolaeem,    141. 

Ovules  ppndulous  or  suspended,  or  rarely 
partly  ascending. 
Stamens  twice  or  four  times  as  many 

as  the  lobes  of  the  corolla,  distinct  .    Ebenacess.    189. 
Stamens  equal  In  number  to  the  lobes 
of  the  corolla.    Filaments  distinct 
Anthers  adnate       ....    Aquifoliacem.    140. 
Stamens  equal  in  number  to  the  lobes 
of  the  corolla.    Filaments  distinct. 
Anthers  versatile    ....    Cordiaeem,    149. 
Some  di  the  ovules  occasionally  as- 
cending.    Filaments  more  or  less 
cohering Styraeaetm.    142. 


1^' 
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2.  Carpels  thrte,  conUnned  »o  as  to  form  a  8- 
celled  ovary. 

Stem  herbaceous.     Disk  hypogj'nous        .    PoUmoniactsB,    152. 
Stem  woody.     No  disk      ....    Diapemsiacess,    145. 

B.  Carpels  twoj  combined  or  more  or  less  dis- 
tinct. 

Stamens  2. 

Corolla  4-<»left Oleacese,     154. 

CoroUa  more  than  4-cleft       .        .         .    JaimiNoceM,     155. 
Stamens  4  or  more.      Inflorescence  scor- 
pioidaL 
Fruit  a  capsule,  1 -celled  or  imperfectly 

2-cened Hydrophyllaeem.     162. 

Fruit  drupaceous.    2  or  more  celled      .     hhretiaceas.    164. 
Stamens  4  or  more.   Inflorescence  straight. 
Leafless  plants.    Parasitical .        .        .     Cu%cutaceae.    151. 
Leafy  plants. 
Leaves  alternate. 
Calyx  in  a  broken  whorl    .        .        .     Convolvulacem.     150. 
Calyx  in  a  complete  whorl. 

Anthers  united  to  the  stigma .        .    Asclepiadacem,    148. 
Anthers  free  from  the,  stigma. 
Placentas  parietal        .        .        .     Gemtianacem.    147. 
Placentas  axile. 
Estivation  of  corolla  valvate, 
induplicate-valvate,   or  im- 
bricate   Solanaeem,     153. 

Leaves  opposite,  whorled,  or  clustered. 

Anthers  united  to  the  stigma     .        .    Asclepiadacem.    148. 
Anthers  free  from  the  stigma. 

Leaves  with  stipules        .        .        .    Loganiacese.     141. 
Leaves  without  stipules. 

Stigma  shaped  like  an  hour-glaiis. 

j£stivfttion  of  corolla  contorted     Apocynacem.    143. 
Stigma   not  contracted   in    the 
middle  like  an  hour-glass. 
.Estivation  of  corolla  imbricate. 

Placentas  parietal         .        .     Gentianacess.     147. 
Estivation  of  corolla  valvate. 
Placentas  axile    .        .        .     StUbacem,    146. 

4.  Carpel  solitary. 

Stamens  opposite  the  lobes  or  petals  of  the 

corolla Plwrnbaginacem.    100. 

Stamens  alternate  to  the  lobes  of  the  corolla. 

Fruit  1-celled.     Stigma  sessile .        .        .     Salvadoracem.    156. 
Fruit  spuriously  2  celled  or  rarely  4-celled. 

Style  capillary Plantaginaceat.    161. 

.  Flowers  irregular. 

a.  Ovary  A-lobed  . Labiatm.     166. 

b.  Ovary  not  lobed, 

1.  Carpel  solitary      ......     Selagiuacem.     169. 

2.  Carpels  two. 

Fruit  hard  or  nut-like. 

Anthers  1-celled Selayinacess,    169 

Anthers  2-oelled.    Ovules  erect. 

Corolla  imbricate  in  aestivation     .        .  Verbenacess.     167. 

Corolla  valvate  in  aestivation         .        .  Stilbacem.    146. 

Anthers  2-celled.    Ovules  pendulous        .  Myoporacew,    168. 
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Fruit  capsular  or  succulent. 
Piaceutas  parietal. 
Leafless  scaly  brown  root  parasites       • 
Leafy  plants.    Seeds  with  wings  . 
Leafy  plants.    Seeds  without  wings. 
Fruit  a  capsule  or  baccate.  Cotyledons 

minute,  radicle  long 
Fruit  bony  or  a  capsule.    Cotyledons 
large,  radicle  short .... 
Fruit  woody  with  a  pulpy  interior. 
Cotyledons  large,  radicle  short 
Placentas  axile. 
Seeds  without  wings. 

Albuminous 

Exalbuminous.     Seeds   attached    to 
hard  placental  proce>seH 
Seeds  winged.    Exalbuminous 
Placentas  free  central        .... 


Orobanch<MC€«.     1 7G. 
Biguaniaceaf.     173. 

GesneracuB.     171. 
Fedaliactw.    170. 
Crescentiacex.     172. 

Scrophulariacese.    175. 

Acanthaceie,     1 74. 
Biffnoniacese.     1 78. 
Lenlibulariacese,     177. 


There  are  certain  exceptions  to  the  characters  above  given 
of  the  Corolliflorse  and  its  sub-divisions.  Thus  among  the 
Epigynis,  we  sometimes  find  polypetalous  corollas  in  Cajm- 
foliac^ss  and  Lobeliacea,  and  hence  in  these  respects  such  plants 
would  properly  belong  to  the  Calyciflorae.  The  ovary  is  sometimes 
superior  in  Goodeniacesey  thus  resembling  the  Epipetalte  of  the 
sub-class  CorolliflorttJ,  instead  of  the  Epigynftj  to  which  they 
usually  belong  and  imder  wliich  they  are  here  placed.  In  the 
Hypostamineffi,  polypetalous  species  are  more  or  less  found  in 
Ericaceix,  Monotropace^,  FyroUi<^ea^,  and  Epacridciceay  which  are 
therefore  in  such  cases  Thalamifloral.  In  Epacridacese y  also,  the 
stamens  sometimes  adhere  to  the  corolla,  in  the  same  way  as  is 
the  case  with  them  in  the  Epipetalas  of  the  Corolliflorze. 

Among  the  Epipetalee  we  occasionally  find  plants  with 
polypetalous  corollas,  as  in  Styracaceeey  Oleacese.y  Primulace«y 
My^rsinaceee,  and  Plnmbagi'nace&.  The  stamens  are  also  some- 
times hypogynous  in  Ebett^cesey  PrimuUvcesey  and  Plumbtighuicf^y 
and  hence  such  plants  resemble  the  Thalamifione  if  the  petals 
are  distinct,  or  if  united,  the  Hypostaminete  of  the  Corolliflorse. 

Again,  among  the  Epipetalaj  we  occasionally  find  the  ovary 
inferior,  or  partly  so,  as  in  Ehenace^Py  Styraccuxmy  MyrsinaceXy 
PrimuUvce^y  and  always  in  Getmeracaey  and  hence  such  plants 
belong  to  the  Epigynae  of  the  Corolliflorfe,  or  to  the  Epigynie 
of  the  Calycifloraj,  accoixlingly  as  their  petals  are  united  or 
distinct. 

In  Oleaceee  and  PrimnlaceXy  apetalous  species  sometimes 
occur,  under  which  circumstances  the  plants  resemble  the  Mono- 
chlamydeie  or  Incompletaj. 

Unisexual  species  are  occasionally  found  in  Valerianace^, 
CompositsSy  Ebetmceay  AquifoliaceiBy  Myrsinacesd,  and  Planta^- 
nacese. 


POLTOOKACEA. 


Sub-class  IV.    Mifttochtamyd'jr  or  Iiicomplefsr. 

This  Biib-class  b  eoinetiniM  arranged  in  two  mib-diviBions, 
which  are  called,  reai)ectively,  the  Aiigii>a]>eniiia  and  Gyinnn- 
siiunuia  ;  but  the  plmits  of  thu  latter  zruup  iirusent  aiich  striking 
dilfHrunues  in  timir  characters  from  tnose  i>f  the  c>th«r  Uieoty- 
ledonea,  that  they  are  nuw  generally  placed  iti  a  dirisiiin  by 
thetikselves,  as  is  the  case  in  this  volume. 

Satm-al  Order  178.  PoLYCONAOKAi.^The  Buckwheat  Order. 
— Charactur.^£/«ri«i>r  rarely  dirubi.     iiarea  alteniate,  cooi- 
Iii'inly  with  uchreate  stipules   (Jig.   20)  or   rarely  exati[iuUte.   ' 
t'l'iire.r»  perfect  (fig.  1019)  or  sometimes  nnisemal.     Vulifx*  free 
(;iy.  lOia),   nuire  or  less   i^reiatent,  imbricate.     Sfatiieiia  (Jig. 

Fio.  1019.  Fio.  lOiO. 


■^  J     n,.\i 


1010)  hy|H^noiis  or  perigynoua  ;  anthera  dehiscing  locgitudi- 
nally.  Oonnj  superior  (jiy.  1019),  1-celled  ;  ttyUa  and  iHijmas  2 
—3  {Ji'ji.  1019  and  1020) ;  «mde  solitary,  ortli.itropousOs.  731). 
Frtiit  usually  a  triangular  uut.  Setd  solitary,  erect ;  enihrgii 
(Jill.  770)  generally  with  farinaceutis  albumen,  inverted,  with  a 
superior  radicle. 

Dii>(fn<iM3. — ^Usually  herbs  with   ochreate  stipules      Leaves 
alternate.     Calyx  inferior,  pemistent,  imbricate.     Stamens  defi- 
Ovary  l-celle<l.     Fn^it  triangular.     Seed  solitary,  erect, 

IHifrl  ,  ,      , 

over  the  globe,  and  more  particularly  so  in  teiii]>eratu  regions. 
Ej;'itn{ilea  of  the  Oetura : — Rheum,  Polygununi,  Coccoloba, 
Eumex.     There  are  about  600  species, 

I'lojiertiei  u,id  Uaeg. — Chiefly  remarkable  for  the  presence  of 
oci'i,  astringent,  and  purgative  pruperties.  The  acidiiloun  cha- 
racter is  principally  due  to  the  presence  of  osalic  acid.  The 
fruits  and  roots  of  several  species  are  more  or  lesa  nutritious. 

•  When  there  is  but  one  flornl  envelope  in  Dicorvlerlnnoui  |iinnts,  we 
nil  thai  (he  calyi,  whii1*ver  be  iia  colour  or  other  peculisrllv,  in  which 
nomf  nilalure  we  follow  theexanipte  of  Lindley.  Bj-  many  botanwW,  however, 

»)ieaking  uf  MonucotjledunuUb  plains,     (fiet  ptgt  'H6.) 
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Cnccohba  uvifertt^  Seaside  Grape. — From  the  leaves',  wod,  and  bark  of 
thi9  species  a  very  astrinj^ent  extract  is  obtained,  which  is  commonly  known 
as  Jamaica  Kino.    The  fruit  is  pleasantly  acid  and  edible. 

Fftgop^rum, — The  fruits  of  F.  etcuUntum,  Common  Buckwheat  or  Saracen 
Com,  of  F.  UUaricum^  and  other  species,  are  used  as  a  subatitute  for  corn  in 
the  northern  parts  of  Asia  and  Lastem  Europe,  and  also  in  Brittany  and 
other  parts  of  the  world.  The  former  species  is  cultivated  in  Britain  as  food 
for  pheasants.  This  plant  when  in  flower  produces  an  effect  on  many  animals, 
resembling  intoxication,  and  a  case  has  been  reported  within  the  last  few 
years  in  which  many  lambs  were  in  this  way  stupefied  and  ultimately 
killed  by  it. 

Po.'y^fonuin.— The  rhizome  of  P.  Bistorta,  commonly  called  Bistort  root, 
is  a  powerful  a{>tnngent,  which  property  is  due  essentially  to  the  pre- 
'  sence  of  tannic  acid.  Starch  is  also  one  of  its  constituents,  hence  it  pos- 
sesses, to  some  extent,  nutritive  properties,  and  is  sometimes  eaten  when 
roasted  in  Siberia.  The  youn^  shoots  and  leaves  have  been  used  from  an 
early  period  in  the  North  of  England  as  a  pot-herb  under  the  name  <^  Pas* 
sions,  probably  from  the  plant  being  in  perfection  for  such  a  purpose  about 
Eastertide.  The  roots  of  P.  viviparum  are  also  used  as  food  by  the  Esqui- 
maux. The  leaves  of  P.  Hydropiper  are  very  acrid,  hence  the  common  name 
of  Water-pepper  which  is  given  to  this  plant.  This  species  also  yields  a 
vellow  dye.  From  P.  tinciorium  a  blue  dve  resembling  iudigo  is  obtained 
In  France,  &c.  The  Chinese  produce  a  blue  dye  from  several  species  of 
Polvgonunu 

Rlieum^  Rhubarb. — The  species  of  this  genus  usually  possess  more  or 
less  purgative  and  astringent  properties  ;  this  is  especially  the  case  with 
their  roots,  and  hence  these  are  largely  used  in  medicine.  Various  species 
of  Rhubarb  are  indigenous  or  cultivated  in  different  parts  of  the  world,  but 
until  recently  the  botanical  source  of  our  official  rhubarb  was  unknown, 
and  cannot  even  now  be  said  to  have  been  absolutely  determined.  It  seems, 
however,  most  probable  that  whilst  the  plant  described  by  Baillon,  under 
the  name  of  Rheum  officinale^  may  yield  some  of  it^  that  the  source  of  the 
best  official  rhubarb,  namely,  that  which  formerly  came  to  us  by  w^ay  of 
Kiachta,  and  commonlv  known  as  Russian  Rhubarb,  is  derived  from  R,  pal- 
fnatumy  a  plant  which  is  a  native  of  Tangut,  in  Kansu,  the  extreme  north- 
western province  of  China.  In  this  province  rhubarb  is  principally  obtained 
from  wild  plants,  but  alito  to  some  extent  from  cultivated  ones.  Rhubarb  from 
this  species  is  also  obtained  from  the  Chinese  provinces  of  Szechuen  and  Shensi. 
n  he  rhubarb  thus  derived  from  R.  padmatum  is  chiefly  exported  by  way  of 
Shanghai,  but  also  to  a  small  extent  from  other  porUs  as  Tientsin,  Canton, 
Amoy,  and  Foochow.  The  kind  known  as  Indian  or  Himalayan  Rhubarb 
is  the  produce  of  several  species,  hut  more  especially  of  R.  Moorcro/tianum^ 
R,  auatrale^  and  R.  Emndi.  English  Rhubarb  is  chiefly  derived  from  R, 
Rlmpnnticum^  and  is  now  extensively  employed  in  the  hospitals  of  this 
ctmntry,  and  in  America,  but  it  is  not  so  active  as  tJie  official  rhubarb, 
although  probably  equally  efficacious  when  given  in  sufficient  doses.  Some 
English  rhubarb  is  also  obtained  from  R.  officina'ey  which  is  now  also  cul- 
tivated in  this  country.  The  petioles  of  H.  Ribes  are  employed  in  the  East 
for  the  preparation  of  sherbet.  The  petioles  of  R.  Rhapanticum  and  other 
species  are  used  for  tarts  and  puddings.  Their  acidulous  character  is 
principally  due  to  the  presence  of  oxalic  acid.  The  roots  of  the  species 
of  Rheum  contain  abundance  of  calcium  oxalate  crystals  (conglomerate 
raphides).     (See  page  31.) 

Rumex. — Several  species  possess  acid  properties  owing  to  the  presence  of 
oxalic  acid,  espec'iallv  R.  acelowL,  common  Sorrel,  R.  AcetoaellcL,  R.  actttattiSf 
and  R.  Palientia.  l^hey  have  been  employed  as  pot-herbs,  and  for  salads.—- 
R.  aettoga  is  sometimes  used  medicinally  for  its  refrigerant,  diuretic,  and 
antiscorbutic  properties.  In  times  of  scarcity  it  has  been  employed  in 
Scandinavia  as  a  substitute  for  bread.    The  root  of  R,  Hydrolapathum\  Great 
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Water  Dock,  18  astrin>;ent  aud  antiscorbutic.  The  roots  of  R.  <iipinu$  are 
purtcutive,  and  were  formerly  employed  instead  of  Rhubarb  under  the  name 
of  Monies  Rhubarb. 

Natural  Ortler  179.  NYCTAOiNACEiE. — The  Marvel  of  Peru 
Order. — Character. — Herbsy  shrnhs,  or  treesy  with  the  stems 
usually  tumid  at  the  joints.  Leaves  generally  opposite.  Flmcers 
with  an  involucre.  t\tli/x  tubular  or  funnel-shaped,  often  co- 
loured, plaited  in  eestivation,  contracted  towards  the  middle,  its 
base  persistent  and  ultimately  becoming  indurated  and  forming 
a  spurious  pericarp.  *S7a?n€?w  1  or  many,  hypogynous.  Otary 
superior,  1 -celled;  </nile  solitary;  style  1;  gtigma  1.  Fruit 
a  utricle,  enclosed  by  the  hardened  persistent  base  of  the  cal3rx. 
Seeil  solitary  ;  embryo  coiled  round  mealy  albumen  (Jig,  771), 
with  foliaceous  cotyledons,  and  an  inferior  radicle. 

Di^rUnUioHy  Examples^  (Uid  Numbers. — Natives  exclusively 
of  warm  regions.  Examples  of  tlie  Genera: — Mirabilis,  Pisonia. 
There  are  about  100  species. 

Frtt}>eiiies  and  Uses. — Chiefly  remarkable  for  the  presence  of 
a  purgative  property  in  their  roots  ;  which  is  especially  the  case 
with  those  of  MiixibUis  Jalapa  and  M.  lofigiflora.  M.  dicha- 
toma  is  commonly  known  under  the  name  of  the  Four  o'clock 
plant,  from  opening  its  flowers  in  the  afternoon.  Boerlioavia 
diffusa  is  said  to  possess  expectorant  properties. 

Natural  Order  180.  Amaranthacr«. — The  Amaranth 
Order. — C haracter.  — Herbs  or  sJ^rvhs.  Leaves  simple,  exstipu- 
late,  opposite  or  alternate.  Flowers  crowded,  spiked  or  capitate, 
bracteated,  perfect  or  occasionally  unisexual.  Calyx  uf  3 — 5 
sepals,  dry  and  scarious,  inferior,  persistent,  often  coloured. 
Stamens  5,  hypogynous  and  opposite  to  the  sepals,  or  a  multiple 
of  that  number  ;  anthers  2-  or  1-celled.  (Jvary  free,  1-celled, 
with  1  or  more  ovules  ;  style  1  or  none  ;  stigma  simple  or  com- 
pound. Fruit  a  utricle,  caryopsis,  or  baccate.  Seeds  I  or  more, 
pendulous  ;  embryo  curved  round  mealy  albumen  ;  radicle  next 
the  hilum. 

Distribution y  ExampleSy  and  Numbers. — The  plants  of  this 
order  are  most  abundant  in  tropical  regions ;  and  are  altogether 
unknown  in  the  coldest  climates.  Examples  of  the  Genera : — 
Celosia,  Amaranthus.     There  are  nearly  500  species. 

Fropert ies  and  Uses. — Unimportant.  A  maranthis  spinonis  and 
other  Indian  species  possess  mucilaginous  properties.  Another 
Indian  species,  Achyranthes  affray  is  also  reputed  to  be  astrin- 
gent and  diuretic.  Gomphrena  officinalis  and  G.  macrocephalu 
are  used  in  Brazil  in  intermittent  fevers,  diarrhoea,  and  some 
other  diseases.  Some  of  the  species  have  bright-coloured  persis- 
tent flowers,  and  are  hence  cultivated  in  our  gardens,  as  Amaran- 
thus candatusy  Love-lies-bleeding,  Ama.ra7ithv>s  hypochondriacus, 
Prince's-feathers,  Cehsia  cristata.  Cockscomb,  and  others. 

Natural  Order  181.  Chenopodiace.«. — The  Goosefoot  or 
Spinach  Order. — Character. — Herbs  or  undershrubs.     Leaven 
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exstipulate,  usually  alternate,  rarely  opposite.  Flowers  minute, 
greenish,  without  bracts,  perfect,  polygamous,  or  diclinous. 
Ccdyx  persistent  {fig.  091),  usually  divided  nearly  to  the  base 
(fig.  28),  imbricate.  Stameiys  equal  in  number  to  the  lobes  of 
the  calyx  and  opposite  to  them  {fig.  28),  or  rarely  fewer,  hypo- 
gynous  or  inserted  into  the  base  of  the  lobes  ;  anthers  2-celled. 
Ovary  superior  {fi<g.  28)  or  partly  inferior,  1-ceUed,  with  a  single 
ovule  attached  to  its  base  ;  style  {fig.  28)  usually  in  2 — 4  divi- 
sions, rarely  simple.  Fruit  usually  an  ach^nium  or  utricle 
{fi^.  091),  or  sometimes  baccate.  Seed  solitary ;  embryo  with 
or  without  albumen  ;  radicle  towards  the  hilum. 

Diagnosis. — They  are  chiefly  distinguished  from  the  Nycta- 
ginaceee  by  their  habit  and  non-bracteated  flowers. 

Disti-ibufiouy  Examples f  and  Numbers. — More  or  less  distri- 
buted over  the  globe,  but  most  abundant  in  extra-tropical 
regions.  Examples  of  the  Genera: — Salicomia,  Atriplex,  Spi- 
nacia,  Beta,  Chenopodium,  Salsola.     There  above  500  species. 

Properties  and  Uses. — Several  plants  of  this  order  inhabit 
salt-marshes,  and  yield  by  combustion  an  ash  called  hariUaf  from 
which  carbonate  of  soda  was  formerly  principally  obtained,  but 
its  use  for  this  purpose  has  much  fallen  off"  of  late  years,  in  con- 
sequence of  that  substance  being  more  readily  extracted  from 
other  sources.  The  plants  which  thus  yield  barilla  principally 
belong  to  the  genera  Salsola,  SaUcorniay  Cheiivpodium,  and 
A  triplex.  Many  plants  of  the  order  are  esculent,  as  Beet  and 
Mangold- Wurzel ;  and  some  are  used  as  pot-herbs,  as  Spinach 
or  Spinage  {Spinacia  oleracea),  Grarden  Orache  or  Mountain 
Spinach  {Atriplex  horteiisis),  and  English  Mercury  {Chenopo- 
dium Bonus-Henricus).  The  seeds  of  others  are  nutritious ;  and 
several  contain  volatile  oil,  which  renders  them  anthelmintic, 
antispasmodic,  aromatic,  carminative,  or  stimulant. 

Beta. — The  root  of  Beta  vufparis^  the  Common  Beet,  is  iwed  &s  a  salad, 
and  as  a  vegetable.  It  is  largely  cultivated  on  the  Continent  and  elsewhere 
as  a  source  of  sugar.  Two  varieties  of  the  Beet  are  commonly  grown  for 
sugar ;  namely,  that  which  is  known  under  the  name  of  Betterave  a  Sucre^ 
and  the  White  or  Silesian  Beet  {Beta  Cicla) ;  the  latter  beinx  the  most 
esteemed.  In  1868  about  8,0U0,000  tons  of  Beet- root  were  grown,  yielding 
about  050,000  tons  of  sugar.  Attempts  have  been  made  of  late  years  to 
grow  lk*ec  in  thin  countr}*,  and  there  can  be  no  doubt  but  that  there  are 
many  districts  in  which  it  might  be  cultivated  with  success.  Toe  grated 
root  or  sugar  cake,  and  the  molasses,  which  are  refuse  substances  obtained 
in  the  manufacture  of  beet  sugar,  are  also  useful ;  the  firmer  for  feeding 
cattle,  and  the  latter,  when  mixed  with  water  slightly  acidulated  with 
sulphuric  acid,  and  submitted  to  fermentation,  yields  from*  24  to  30  per  cent, 
of  spirit,  which  is  said  to  t>e  used  to  adulterate  brandv  like  potato  spirit 
A  variety  of  the  Common  Beet  {Beta  vtilgaris  macrorhiza)  is  the  Mangdd> 
Wurzel,  so  much  employed  as  a  food  for  cattle.—^,  maritima  is  sometinies 
used  as  a  substitute  for  spinach  or  greens.  The  petioles  and  midribs  of  the 
leaves  of  the  large  White  or  Swiss  Chard  Beet  form  the  favourite  vege- 
table of  the  French  termed  Poiree  a  Carde ;  it  is  eaten  like  Sea  Kale  or 
Asparagus. 

Chemtpodium. — The  seeds  of  C.  Quinoa  contain  starch  granules,  which 
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are  remarknble  for  being  the  smallest  hitherto  noticed.  Theae  seeds  are 
known  under  the  name  of  petty  rice,  and  are  common  articles  <^  food  in 
Peru. — C.  Bonu9-Htnricu»^  as  already  mentioned,  may  be  used  as  a  pot-herb. 
The  fruits  of  C.  anthehninticum,  under  the  name  of  Worm-seed,  are  largely 
employed  in  the  Uuited  States  for  their  anthelmintic  properties.  They  al*o 
po^%^  to  some  extent  antispasmodic  qualities.  The  herb  generallV  has 
similar  properties.  These  effects  are  due  to  the  presence  of  a  highly  odorous 
volatile  oil.  Both  the  oil  and  fruits  are  official  in  the  United  States' Pharma- 
opocia. — C.  (unbroxwides  and  C.  Botryt  are  reputed  to  possess  somewhat 
similar  properties,  but  they  are  not  so  powerful.  C.  amlfroiioidet  is  also 
emploved  in  Mexico  and  Columbia  as  Tea,  which  is  hence  known  as  Mexi- 
can 1*ea. —  C.  Vukaria  or  olidum^  Stinking  Goosefoot,  is  au  indigenous 
plant.    It  is  a  popuhir  emmenagogue  and  antispasmodic. 

Natural  Order  182.  Basellace^. — The  Basella  Order. — 
Diatpuids. — This  is  a  small  order  of  cliinbing  herbs  or  shrubs 
closely  allied  to  Chenopodiacea;,  but  readily  distinguished  by 
its  plants  having  a  coloured  calyx  with  two  rows  of  sepals,  and 
by  their  stamens  being  evidently  perigynous.  There  are  about 
12  species,  all  of  which  are  tropical  plants. 

Properties  and  Uses. — BiiseUa  rubra  and  B.  alba  are  used  in 
tlie  East  Indies  as  a  substitute  for  Spinach.  From  the  former 
species  a  purple  dye  may  be  also  obtained.  The  fleshy  roots  of 
Ulhtrus  tuherosn^  or  Melloca  tnberosa  are  largely  used  in  Peru 
and  some  of  the  adjoining  countries  as  a  substitute  for  the 
Potato. 

Natural  Order  183.  Scleranthace.b. — The  Scleranthus 
Order.— Dinifiiosis,  &c. — Tliis  is  a  small  order  of  inconspicuous 
herbs,  frequently  considered  as  a  sub-order  of  Paronyohiace»y 
from  which  its  plants  are  distinguished  by  the  want  of  stipules  ; 
by  being  apetalous  ;  by  the  tube  of  their  calyx  becoming  har- 
dened and  covering  the  fruit,  which  is  solitary  and  1-celled;  and 
by  their  stamens  being  evidently  perigynous.  They  are  value- 
less weeds  found  in  barren  places  in  the  temperate  regions  of 
the  globe.  There  are  about  14  species,  of  which  two  species 
belonging  to  the  genus  Schrantkus  are  natives  of  Britain.  Their 
uses  are  unknown. 

Natural  Order  184.  Phytolaccace.e. — The  Phytolacca 
Order.  —  Character.  —  Herbs  or  u iuUrshrubs.  Leaves  alter- 
nate, entire,  exstipulate.  Flowers  perfect,  racemose.  Calyx. 
4— 5- partite.  Stamem  nearly  or  (juite  hypogynous,  either  equal 
in  number  to  the  divisions  of  the  calyx  and  alternate  with  them^ 
or  more  numerous  ;  anthers  2-ceiled.  Ocary  superior,  composed 
of  2  or  more  carpels,  distinct  or  more  or  less  combined  in  a 
circle  ;  styles  and  stigm^u  distinct,  equal  in  number  to  tlie  carpels. 
Fniit  dry  or  succulent,  each  carpel  of  which  it  is  composed  con- 
taining 1  ascending  seed ;  embryo  curved  romid  mealy  albumen ; 
radicle  next  the  hilum. 

Distrib^itioHy  Examples,  and  Numhers. — Natives  principally  of 
America,  India,  and  Africa.  Examples  of  the  Oeiiera: — Giesekia, 
Phytolacca.     There  are  about  80  species. 
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Properties  and  Uses. — An  acrid  principle  is  more  or  less  dif- 
fused throughout  the  plants  of  this  order  ;  but  this  is  frequently 
destroyed  by  boiling  in  water.     Some  are  emetic  and  purgative. 

GicMekia  pharnaceoides. — The  fresh  plant  of  this  Indian  species  is  repated 
to  be  a  p<)wei*ful  anthelmintic  in  cases  of  taenia.  ^ 

Phytolacca. — The  roots  and  fruits  of  P.  decandra,  Poke  or  Pecan,  arc 
employed  in  the  United  States  for  their  emetic  and  purgative  properties. 
Thev  are  also  reputed  tb  be  somewhat  narcotic.  The  ri|>e  fruits  have  been 
used  in  chronic  rheumatism  and  in  syphilitic  affections.  A  neutral 
cr}'Btallisable  principle,  named  phytolaccin^  has  been  obtained  from  the 
seeds.  Its  young  shoots  boiled  in  water  are  eaten  in  the  United  States  as 
Asparagus  ;  those  of  P.  acinnsa  are  also  similarly  eaten  in  the  Himalayas. 
A  species  of  Phytolacca,  which  hns  been  named  P.  electricc^  a  native  of 
Nicaragua,  is  said  to  give  a  sensible  shock  as  from  a  galvanic  battery,  to 
any  person  attempting  to  gather  a  branch.  It  is  also  stated  that  the  needle 
of  the  compass  is  affected  by  proximity  to  it. 

Natural  Order  185.  Subianace^e. — This  name  i?  given  to 
an  order  of  which  there  is  but  one  known  species  ;  this  is  com- 
mon on  the  sea-coast  in  the  tropics.  The  order  is  supposed  to 
be  allied  to  Phytolaccacete,  which  it  closely  resembles  in  the 
structure  of  its  ovary ;  but  it  is  at  once  distinguished  by  the 
possession  of  petals,  and  by  the  stamens  being  opposite  to  the 
sepals.  It  is  now  frequently  referred  to  the  Simarubacete.  Its 
uses  are  unknown. 

Natural  Order  186.  Petivbbiacb^. — The  Petiveria  Order. 
— DiagnosiSf  &c.  This  is  another  small  order  of  plants,  which  is 
placed  by  some  botanists  as  a  sub-order  of  the  Phytolaccaceee, 
with  which  it  agrees  in  many  particulars.  It  is  distinguished 
from  that  order  by  having  stipulate  leaves,  an  ovary  formed  of 
a  single  carpel,  exalbuminous  seeds,  and  a  straight  embryo  with 
convolute  cotyledons.  These  plants  are  natives  of  tropical 
America.     There  are  about  12  species  in  this  order. 

Properties  and  Uses. — Most  of  the  species  are  acrid,  and  some 
have  a  strong  alliaceous  odour. 

Petiveria, — Petiveria  aUiticeay  Guinea-hen  Weed,  is  reputed  to  be  sudorific 
and  emmenagogue,  and  its  roots  are  used  in  the  We^-it  Indies  as  a  remedy 
for  toothache.  It  is  also  commonly  put  into  warm  baths,  which  are  um<1 
to  restore  the  action  of  paralysed  limbs. 

Natural  Order  187.  GYBOSTEMONEiE.  —  The  Gyroetemon 
Order.  — Diagnosis^  &c.  — This  is  another  small  order  of  plants,  na- 
tives of  South-western  Australia,  which  is  sometimes  considered 
to  be  allied  to  Phytolaccaceie,  and  has  been  even  associated 
with  it.  It  is  distinguished  from  that  order  by  having  unisexual 
Howers,  by  the  carpels  being  arranged  roimd  a  columella,  by 
having  2  suspended  seeds  in  each  carpel,  and  a  hooked  embryo. 
They  have  no  known  uses. 

I    This  and  the  three  preceding  orders  require  further  investi- 
^tion  before  their  affinities  can  be  well  ascertained. 
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Natural  Order  188.  PiPERACSiE. — The  Pepper  Order. — 
Character. — Herbs  or  shrubs  with  jointed  stems.  Flowtrs 
spiked,  perfect,  achlamydeous,  bracteated.  Stamens  2  or  more  ; 
anthers  1 — 2-celled.  Ovary  simple,  1-celled,  with  one  erect 
orthotropous  ovule  ;  stigma  sessile.  Fimit  more  or  less  fleshy, 
1-celled,  1-seeded.  Seed  erect  ;  embryo  in  a  distinct  fleshy  sac  at 
the  apex  of  the  seed,  and  on  the  outside  of  abundant  albumen. 

l}Utribution^y  Examples,  and  Numbers. — Natives  exclusively 
of  tropical  regions,  especially  in  America  and  the  islands  of  the 
Indian  Archipelago.  Examples  of  the  Genera: — Cubeba,  Piper, 
Artanthe.     There  are  above  600  species. 

Properties  and  Uses. — The  plants  of  this  order  are  chiefly 
remarkable  for  acrid,  pungent,  aromatic,  and  stimulant  pro- 
perties. These  qualities  are  principally  found  in  their  fruits, 
and  are  essentially  due  to  tlie  presence  of  an  acrid  volatile  oil 
and  resin.  Some  are  narcotic,  and  others  are  reputed  to  be 
astringent  and  febrifugal. 

Artanthe. — The  dried  leaves  of  A.  eionaata  {Piper  anguttifolium)  consti- 
tute our  official  Matico.  Matico  has  been  recommended  as  a  topical 
application  for  arresting  hiemorrhage  from  wounds,  &c.  It  has  been  also 
emploj'ed  internally  as  a  styptic,  but  its  effects,  thus  administered,  are  very 
feeble.'  Its  action  appears  to  be  more  especially  mechanical,  like  lint,  felt, 
&c.  In  Peru  Matico  is  employed  for  the  same  affections  as  Cubebs.  It 
should  be  noticed  that  the  name  Matico  is  applied  by  the  inhabitants  of 
Quito,  &i\  to  JCupatorium  glutinngum  (see  Evpatorium\  Other  plants  are 
al?o  similarly  desitrnated  in  different  parts  of  South  America.  The  dried 
fruits  of  A.  adunca  (P/pcrai/Mnct/m),  and  other  species,  are  used  in  America 
as  pepper  ;  and  its  leaves,  as  first  noticed  by  the  author,  are  sometimes  sub- 
stituted in  this  country  for  those  of  A.  elongcUa.  The  fruits  of  A,  crocata 
are  employed  for  dyeing  yellow. 

Cubeba. — The  dried  unripe  fruits  of  Cubeba  officinalia  or  Piper  Cubeba 
constitute  our  official  Cubebs.  Cubchs  are  the  produce  of  Java  and  the 
adjoinintr  islands.  They  are  extensively  employed  in  affections  of  the 
genito-urinary  organs,  upon  which  they  are  generally  supposed  to  have  a 
specific  effect.  In  the  East  they  are  used  as  a  stomachic.  Their  properties 
depend  principally  upon  two  resins,  but  also  to  some  extent  to  the  presence 
of  a  volatile  oil.  They  are  frequently  distinf^iished  bv  the  name  of  T«iil 
Pepper,  from  the  dried  Vruits  having  a' short  stalk  attached  to  them.  The 
dried  unripe  fruits  of  Cubeba  Clusii  (Piper  Ciusii)^  African  Cubebs  or  Black 
Pepper  of  Western  Africa,  are  employed  by  the  negroes  of  Sierra  Leone,  &c 
as  a  condiment,  and  also  in  me^dicine.  'Their  effects  in  genito-urinary 
affections  do  not  appear  to  resemble  those  of  the  official  Cubel^.  According 
to  Stenhouse  they  contain  Piperin,  and  not  the  peculiar  alkaloid  of  Cabebs, 
which  has  been  termed  Cubebin. 

Piper. — P.  niarum.  Black  Pepper. — The  dried  nnripe  fruits  of  this  plant 
constitute  the  Black  Pepper  of  the  shops,  and  that  which  is  official  in  the 
British  Pharmacopceia.  White  Pepper  is  the  same  fruit  in  a  ripened 
state  divested  of  its  external  pulpy  covering.  The  former  is  the  more  acrid 
and  pungent,  as  these  properties  are  lost  to  some  extent  in  the  proce$>8  of 
ripenmg.  Both  kinds  are  extensively  used  as  condiments,  and  medicinally  as 
stimulants  and  correctives.  They  are  also  r  garded  as  somewhat  febrifugaL 
They  contain  an  acrid  resin  and  Volatile  oil,  to  which  their  acrid,  pungent, 
aromatic,  and  stimulant  properties  are  essentially  due;  and  PipertH,  which 
possesses  to  some  extent  febrifugal  properties. — P.  methjftticum  or  Piper 
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trioicum^  and  probably  other  species,  also  produce  good  pepper.  The  dried 
unripe  spikes  of  fruit  known  in  commerce  as  Long  Pepper  are  chiefly  im- 
ported from  Singapore  and  Calcutta,  and  are  the  produce  of  Piper  officinarum 
or  Chavica  nfficinarum  and  Piper  hngum  or  Chavica  Roxburghiu  Long  Pepper 
contain!*  an  acrid  resin,  a  volatile  oil,  and  the  crystalline  alkaloid  called 
Pipcrin.  It  resembles  Black  Pepper  in  its  effects,  and  is  used  in  similar  cases. 
It  is  chiefly  employed  for  culinary  purposes.  Dried  slices  of  the  root  are  in 
great  repute  among  the  natives  of  India  under  the  name  of  Peepla  Maol^  as  a 
stomachic.  The  leaves  of  P.  Betie^  Betel  Pepper,  and  P.  Siribaa  are  chewed 
by  the  Malays  and  other  Eastern  races,  mixed  with  slices  of  the  Betel  Nut 
(Areca  Catechu)^  and  a  little  lime.  Betel  as  thus  prepared  is  considered  to 
impart  an  ornamental  red  hue  to  the  lips  and  mouth,  and  an  agreeable 
odour  to  the  breath,  and  is  also  supposed  to  possess  stimulant  and  narcotic 
properties,  and  to  be  a  preservative  against  dysentery.  (See  Arec€u) — P. 
Jaborandi  is  one  of  the  plants  yielding  a  kind  of  j'abcrandi.  (See  Pilo- 
carpus.') 

Macrnmper  methyKticum. — The  large  rhizome  of  this  plant  is  known  in 
the  South  Sea  Islands  under  the  name  of  Ava,  where  it  is  largely  used  in 
the  preparation  of  an  intoxicating  and  narcotic  liquor,  called  Ava  or  Cava. 
It  is  also  employed  medicinally  in  chronic  rheumatism,  erysipelatous  erup- 
tions, and  venereal  aflections.  It  has  been  lately  tried  successfully  in  France 
as  a  remedy  in  gonorrhoea. 

Natural  Order  189.  Chloranthaceje. — The  Chloranthus 
Order.  — C  haracter.  — Herbs  or  undersh  rubs  with  jointed  stems, 
which  are  tumid  at  the  nodes.  Leaves  simple,  opposite,  sheath- 
ing, with  small  interpetiolar  stipules.  Flowers  spiked,  achlamy- 
deous,  with  scaly  brads,  perfect  or  unisexual.  Stamens  1,  or 
more  and  united.  Ovary  1-celled,  with  a  solitary  pendulous 
ovule.  Fruit  drupaceous.  Seed  pendulous,  with  a  minute  em- 
bryo (not  enclosed  in  a  distinct  sac),  at  the  apex  of  fleshy  albu- 
men ;  radich  inferior. 

Distribution,  Examples,  and  Numhers. — Natives  of  tropical 
regions.  Examples  of  the  Genera : — Hedyosmum,  Chloranthus. 
Til  ere  are  about  16  species. 

Properties  and  Uses.  — Aromatic  stimulant  properties  are  the 
principal  characteristics  of  the  plants  of  this  order. 

CJiloranthus. — The  roots  of  C.  officinalis  and  C.  brachystachys  have  been 
employed  in  Java  as  a  stimulant  in  malignant  fevers,  and  for  their 
antispasmodic  effects.  The  flowers  of  C  incon^icuus  are  used  in  China  to 
perfume  tea.    (See  Thea.) 

Natural  Order  190.  Saitrurace^. — The  Saumrus  Order. — 
Character.  — Marshy  herbs.  Lea ves entire,  alternate,  stipulate. 
Fh^vers  spiked,  achlamydeous,  perfect.  Stame^i4  3-— 6,  hypo- 
gynous,  persistent.  Ovaries  3—4,  usually  more  or  less  d[istinct, 
or  sometimes  united,  with  a  few  ascending  ovules.  Fruit  either 
consisting  of  4  fleshy  indehiscent  achaenia,  or  capsular  and  3 — 
4-celled.  Seeds  ascending,  with  a  minute  embryo  in  a  fleshy  sac 
on  the  outside  of  hard  mealy  albumen. 

Distribution,  Examples,  and  Numbers. — ^Natives  of  North 
America,  Northern  India,  and  China.  Examples  of  the  Genera : 
— Saururus,  Houttuynia.     There  are  about  7  species. 
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Properties  and  Uses. — They  have  acrid  properties,  and  are 
reputed  to  be  eminenagogiie.     Some  are  also  astringent. 

Anemopng  califnmira,  is  known  in  California  as  '  Yerba  Mansa/  and  an 
infuHion  of  its  roots  and  the  external  application  of  these  in  powder  are  re- 
garded as  verv  valual)le  remedies  in  venereal  s  ires.  The  powder  is  very 
astringent  and  is  also  used  as  an  a^iplication  generally  to  cuts  and  sores. 

iSattrurt/4  c^muuj,  a  native  of  Nurth  Ameiica,  is  said  to  be  a  valuable 
remedy  in  inflammatory  affections  of  the  geni to- urinary  organs,  and  also 
externally  as  a  soothing  discutient  cataplasm. 

Natural  Order  191.  Podostbmace^. — The  Podostemon  or 
River- weed  Order. — Character. — Aquatic  herhs  with  the 
aspect  of  Mosses  or  Liverworts.  Letives  minute  or  finely 
divided.  Flowers  minute,  usually  perfect,  spathaceous,  achla- 
mydeous,  or  with  an  imperfect  calyx,  or  with  3  sepals,  ktaniens 
I  or  many,  hypogynous  ;  anthers  2-celled.  Ovary  superior,  2 — 3- 
celled  ;  stigmas  2 — 3  ;  ovnles  ascending,  numerous.  Fruit  cap- 
sular, ribbed,  with  parietal  or  axile  placcntation.  Seeds  nume- 
rous, exalburainous,  with  a  straight  embryo. 

Distrilmtiony  Examples^  and  Numbers.  — Principally  natives 
of  South  America.  Examples  of  the  Genera : — Hydrostachys, 
Podostemon.     There  are  about  100  species. 

Properties  and  Uses. — Unimportant.  Some  species  of  Lads 
are  used  for  food  on  the  Rio  Negix),  &c. ,  in  South  America ; 
and  other  plants  of  the  order  are  eaten  by  cattle  and  fish. 

Natural  Order  192. — Thymelace^. — The  Mezereon  Order. 
— Character. — Shrubs  or  very  rarely  herbs.  Leaves  entire, 
exstipulate.  Flowers  perfect  {fig.  1021)  or  rarely  unisexual 
Calyx  inferior  (fig.  1021),  coloured,  tubular,  4 — 5-lobed  ;  esti- 
vation imbricate.  Stameiu  perigynous  (Jig.  1021),  twice  as 
many  as  the  divisions  of  the  calyx,  or  equal  in  number  to 
them,  or  fewer,  in  the  two  latter  cases  they  are  opposite  to 
the  lobes  of  the  calyx;  anthers  2-celled, 
bursting  longitudinally.  Ovary  superior  (fig. 
1021),  simple,  1-celled,  with  a  solitary  sus- 
pended ovule  (Jig.  725).  Fruit  dry  and  nut- 
like, or  drupaceous.  Seed  suspended ;  albu- 
men  none  or  but  small  in  quantity;  embryo 
straight,  with  a  superior  radicle. 

ikstribntumy  Examples,  and  Numbers. — 
They  are  found  more  or  less  abundantly  in  all 
parts  of  the  world,  but  especially  in  Australia 
jind  the  Cape  of  Good  Hope.  Examples  of  the 
Genera : — Daphne,  Pimelea,  Lagetta.  There  are 
about  300  species. 

Propeiiies  and    Uses.— The  plants   of  this  Fi(f.  1021.    Vertical 
order  are  chiefly  remarkable  for  the  toughness    ^^^ofVsi^ies^^of 
and  acridity  of  their  bark.     The  fruit  of  IHrca    Daphne. 
paluMris  is  narcotic,  and  that  of  the  plants 
generally  of  the  order  poisonous  or  suspicious  ;  but  the  seeds  of 
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Inocarmis  edidis  are  said  to  resemble  Chestnuts  in  flavour  when 
roasted.  Several  species  of  Daphne,  Pimelea,  and  other  genera, 
are  handsome  shrubby  plants. 

Daphne. — ^The  dried  bark  of  Z>.  Mezereum,  Mezereon,  and  Z>.  Laurmlay 
Spurge  Laurel,  is  official  in  the  British  PharmacopoDia.  Both  the  root-bark 
and  stem-bark  are  official,  but  the  former  is  generally  regarded  as  the  mo.«t 
powerful.  Mezereon  bark,  as  it  is  commonly  called,  may  be  used  as  a  Te^i> 
catory,  and  also  as  a  masticatory  in  toothache.  It  is  however  principally 
employed  as  a  stimuant  diaphoretic,  alterative,  and  diuretic.  It  owes  its 
properties  to  an  acrid  resin  ana  an  acrid  volatile  oil.  The  fruit  is  also  very 
acrid  and  poi.sonous.  The  bark  of  D.  Gnidium^  Spurge  FUx,  is  likewi^ 
official  in  the  Paris  Codex,  and  is  sometimes  substituted  in  this  country  for  our 
official  bark,  but  it  is  not  so  active.  The  inner  bark  of  D.  caHnabuta  and 
other  species  is  used  in  some  parts  of  the  world  for  making  paper,  &c. 

Edffeicorthia  pepyri/era. — ^The  bark  is  used  in  Japan  for  the  manufacture 
of  paper  money. 

lAigetta  lintearia^  Lace- Bark  Tree. — ^The  bark  possesses,  in  some  degree, 
similar  properties  to  that  of  Mezereon.  When  macerated,  it  may  be  neparated 
into  laminae,  the  number  of  wliich  depends  up<m  the  age  of  the  specimen  ; 
these  have  a  beautiful  lace-like  appearance,  hence  its  common  name  of  lace 
bark.  It  possesses  great  strength,  and  may  be  used  for  making  rop^  &c. 
It  was  at  one  time  employed  in  the  West  Indies  fur  making  the  slave  whips. 
Sloane  states  that  cap**,  ruffles,  and  even  whole  suits  of  ladie:$*  clothes,  have 
been  made  from  it.  Lageita  cloth  has  been  imported  into  Liverpool  under 
the  name  of  guana. 

Peueerina  Ganpi. — The  bark  is  used  in  Japan  for  the  manufacture  of 
paper. 

Natural  Order  193.  Aquilabiaceje. — The  Aqnilaria  Order. 
— Character. — Trees  with  entire  exstipulate  leaves.  Calyx 
tubular  or  top-shaped,  4 — 5-lobed,  imbricate,  persistent.  Sta- 
mens perigynous,  10,  8,  or  5,  opposite  the  lobes  of  the  calyx 
when  equflJ  to  them  in  number  ;  anthers  2-celled,  oi>ening  longi- 
tudinally. Ovary  superior,  2-celled ;  ovules  2,  suspend^. 
Fruit  usually  2-valyed,  capsular,  sometimes  succulent  and 
indehiscent.  Seeds  usually  2,  or  rarely  1  by  abortion  ;  exalbu- 
minous. 

Distribution,  Examples,  and  Numbers. — Natives  exclusively 
of  tropical  Asia.  Examples  of  the  Genera : — Aquilaria,  Leucosmia. 
There  are  about  10  species. 

Properties  and  Uses. — Some  species  yield  a  fragrant  stimulant 
resin. 

Aquilaria. — The  substance  called  Lign-Aloet^  ApaUoehum,  Aloet-wood,  or 
Eagle-wood,  is  said  to  be  the  Ahalim  and  Ahaioth  of  the  Old  Testament,  and 
the  Aloe  or  Aloes  of  the  New.  It  is  obtained  from  Aquilaria  {Aleox^tm) 
Agallochunij  and  probably  also  from  A.  otxtta.  It  w^s  formerly  held  in  high 
repute  as  a  medicinal  agent  in  Europe,  but  its  use  is  now  obsolete.  It  is 
said  to  be  useful  as  a  cordial,  and  as  a  remedy  for  gout  and  rheumatism. 

Natural  Order  194.  EuEAONACEiE. — The  Oleaster  Order. — 
Character. — Trees  or  shrubs,  with,  entire  exstipulate  uauaily 
scurfy  (Jig.  149)  leaves.  Flowers  mostly  dioecious  or  rarely  perfect. 
Male  Howers  ameiitaceouSy  bracteateoL     Sepais  2^4^  (Ustinct  or 
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united.  Stameyvs  definite,  perigynoua.  Female  flowers  with  an 
inferior  tubular  calyx,  and  a  fleshy  disk  ;  sedivation  imbricate. 
Oatrij  superior,  1-oelled,  with  a  solitary  ascending  ovule.  Fruit 
enclosed  in  the  succulent  calyx,  indehiscent.  Heed  solitary,  as- 
cending, with  thin  albumen  ;  embryo  straight,  with  an  inferior 
radicle. 

Distrihutunij  Examplen^  and  Nnmhprs. — Tliey  are  generally 
diffused  throughout  the  northern  hemisphere,  and  rare  in  the 
southern.  Examples  of  V^e  Genera: — Hippophae,  Elieagnus. 
There  are  about  30  species. 

PropeHies  and  Uses. — Unimportant.  The  fruits  of  Elaengniis 
orientalis  are  esteemed  in  Persia  under  the  name  of  zinzeyd  ;  and 
those  of  E.  arhorta,  E.  couferta,  and  others,  are  eaten  in  certain 
parts  of  India.  Those  also  of  HipjMtphae  rfMrniuddes,  the  Sea- 
Buckthorn,  which  is  a  native  of  England,  are  also  edible,  and 
have  been  employed  in  the  preparation  of  a  sauce  for  fish,  but 
their  use  requires  caution  from  containing  a  narcotic  principle. 

Natural  Order  11)5.  Proteace.k — The  Protea  Order. — 
Character. — Shmhs  or  small  trees.  Leaves  hard,  dry,  exsti- 
pulate.  Fhwers  perfect.  Calyx  inferior,  4-partite  or  of  4  sepals  ; 
aestivation  valvate.  ^Yttm^nj?  perigynous,  equal  in  number  to  the 
partitions  of  the  calyx  and  opposite  to  them  ;  antliers  bursting 
longitudinally.  Ovary  simple,  superior,  1-celled,  with  1  or  more 
ovules,  ascending.  Fnilt  dehiscent  or  indehiscent.  Seeds  exal- 
buminous ;  embryo  straight,  radicle  inferior. 

Didribution,  Examples,  ami  Numbers. —'Nativea  chiefly  of 
Australia  and  the  Cape  of  Good  Hope.  Example  of  the  Genera : 
— Protea,  Grevillea,  Banksia.  There  are  more  than  0(K) 
species. 

Properties  ami  Uses. — They  are  chiefly  remarkable  for  the 
beauty  or  singularity  of  their  flowers  and  their  evergreen  foliage. 
But  the  fruits  and  seeds  of  some  species  are  eaten  ;  and  the 
wood  is  largely  employed  at  the  Cape  and  in  Australia  for 
burning,  and  occasionally  for  other  purposes  ;  thus,  that  of 
Protea  (jrandijlmi  is  used  at  the  Cape  of  Good  Hope  for  waggon- 
wheels,  hence  the  plant  is  named  Wagenboom. 

Natural  Order  106.  Pen.eace^. — The  Pensea  Order. — 
Character. — Evergreen  s/ini6»,  with  opposite  exstipulate  im- 
bricated leaves.  FUnrers  perfect.  Calyx  inferior,  bracteated, 
4-lobed  ;  aestivation  valvate  or  imbricate.  Stam^n^  perigynous, 
4  or  8,  alternate  with  the  divisions  of  the  calyx  when  equal  lo 
them  in  number.  Ooanj  superior,  4-celled  ;  styk  1  ;  diymas  4, 
with  appendages  on  one  side.  Fruit  4-colled,  dehiscent  or  inde- 
hiscent. Seeds  varying  in  position,  exalbuminous  ;  embryo  with 
very  minute  cotyledons. 

DiMribution,  Examples,  and  Numbers. — They  are  only  found 
at  the  Cape  of  Good  Hope.  Exximples  of  f/te  Genera ; — Pentea, 
Geissoloma.     There  are  over  20  species. 

Properties  and  Uses. — Unimportant. 
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Fig.  1022.  Vertical  section 
of  the  fenmlo  flower  of 
LauitunolnIu,theSweet 
Bay. 


Penma, — The  gum  called  Sarcocollais  commonly  said  to  be  derived  from 
Pentea  Sarcocol/Uj  P.  mucronata,  and  other  species  of  Peniea.  It  was  for- 
merly employed  as  an  external  application  to  wounds  and  ulcers,  under  the 
idea  that  it  possessed  the  property  of  applutinating  the  flesh,  whence  its 
name.  It  is  imported  into  Bombay  from  the  Persian  port  of  Bu&hire  ;  and 
Dymcck  thinks  there  can  be  little  doubt  that  the  Sarcocolla  plant  will  prove 
to  be  a  species  of  Astragalus,  or  of  some  nearly  allied  genus.  (See 
Attroffolus.) 

Natural  Order  197.  Laurace^.  — The  Laurel  Order. — C  h  a- 
racter. — Aromatic  trees  or  shrubs.     Leaves  exstipulate,  usually 

alternate,  sometimes  dotted.  Floxcers  ge- 
nerally perfect,  or  sometimes  imperfectly 
unisexual  (Jig.  1022).  Calyx  inferior 
(Jig.  1022),  deeply  4 — 6-cleft,  coloured, 
in  two  whorls,  the  limb  sometimes  obso- 
lete ;  sestivation  imbricate.  Stamens  pe- 
rigynous,  definite,  some  always  sterile; 
filaments  distinct,  the  inner  ones  commonly 
with  glands  at  their  base  (fig.  536  g,  g) ; 
anf /lers  adnate,  2 — 4-celled,  ^,  l^  dehiscing 
by  recurved  valves,  «.  Ovary  superior 
(fig.  1022),  1-celled,  with  1  or  2  pendu- 
lous ovules.  Fruit  baccate  or  drupa- 
ceous. Seeds  exalbuminous  ;  embryo  with 
large  cotyledons,  and  a  superior  radicle. 
DutHhution,  ExampleSy  and  Numbers. — They  are  chiefly 
natives  of  tropical  regions,  but  a  few  occur  in  North  America, 
and  one  (Launcs  nohilis)  in  Europe.  Examples  of  the  Getiera  ;— 
Cinnamomum,  Mespilodax>hne,  Nectandra,  Laurus.  There  are 
above  450  species. 

Properties  and  Uses. — The  plants  of  this  order  are  almost 
universally  characterised  by  the  possession  of  aromatic  properties 
which  are  due  to  the  presence  of  volatile  oils  ;  many  of  them 
are  therefore  employed  as  aromatic  stimulants.  Others  are  nar- 
cotic ;  some  have  sudorific  properties  ;  and  several  are  tonic, 
stomachic,  febrifuge,  or  astringent.  A  few  have  edible  fruits, 
and  many  yield  valuable  timber. 

Acrodiclidium  Camaro  yields  the  false  nutmeg,  which  is  called  in  Guiana 
the  Ackawa  or  Camara  Nutmtg.  Its  use  is  similar  to  that  of  the  other 
false  nutmegs  derived  from  plants  of  this  order.  (See  AgaihophifUum  and 
CryptocarycL.) 

Agathnphyllum  ammaticum  yields  a  kind  of  false  nutmeg,  which  is  the 
Clovr-Nuttntg  of  Madagatccar  or  Raventara  nut.  It  is  used  as  a  spioe.  (See 
Acrodiclidium), 

Camphora  officinarum  or  Cinnamomum  Cctmphora,  the  Camphor  tree,  is  a 
native  cf  Cihna  and  Japan,  and  has  been  introduced  into  Java.  Commer- 
cial camphor  is  derived  entirely  from  the  island  of  Formosa  and  Japan,  the 
former  being  known  as  China  or  Formosa  Camphor^  and  the  latter  as  Japan 
or  Dutch  Camphor.  Cam}  hor  is  procured  from  the  wood  in  a  crude  state  by  a 
rude  process  of  sublimation,  and  the  camphor  thus  obtained  is  termed  mde 
camphor.    It  is  exported  to  Europe,  &c.,  in  this  condltioa,  where  it  i»  after- 
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wnrdA  purifie<l  bv  Hubliniin^  a^ain,  usually  in  this  countrr  after  bcinf?  mixed 
with  a  little  li  me,  ntter  which  pr<K:ehHit  is  called  r«;/irn<>r/caii»/iAor,  in  which  state 
it  is  odicial.  ( 'ninphor  is  a  strarttptene  or  mtttd  vttiiUUe  oil.  Thin  kind  of  cani- 
]>hor  is  commonly  <li.4tin^ui.shod  from  other  camphore  by  the  name  of  iMurel, 
Otmmony  or  OjficUil  Camphor  (sec  Dry()tKiluHop$,  p.  4G4).  The  otiiciul  nil  of 
rump/tor  of  thi*  United  States  I'hannacofHiMa  is  the  volatile  oil  which  drains 
from  the  crude  ciimph(»r  which  in  i«tore<i  in  vatH  before  shipment.  It  is 
used  externally  in  rheuniHtisni,  &c.  In  proper  d<»>eH,  camphor  producer  ex- 
hilarntin^  and  an«^h'ne  et)<H.'ts,  for  which  puriMXtei*  it  is  principally  employed 
in  medicine.     In  lar^e  ditses  it  i^  narcotic  and  iM)is<moua. 

Cinnamomum. — (-innnmon,  which  irt  so  much  employed  aa  a  condiment, 
nnd  medicinuUy  A8  n  cordial,  stimulant,  tonic,  astringent,  carminative,  auti- 
.<ipn$<moilic,  and  as  an  adjunct  to  other  medicine.s  is  the  inner  bark  oi  C. 
zeiflanicHin.  The  best  comes  from  Ceylon.  It  owes  its  properties  essentially 
to  the  presence  of  a  volatile  oil.  This  volatile  oil  is  the  (til  of  cinnamon  of 
commerce.  A  concrete  fatty  substance  is  obtained  in  Ceylon  by  exprei««ion 
from  the  uym  fruits,  which  is  called  f  Vnnamoii  Suet ;  this  is  suppose^)  by 
Koyle  to  l>e  the  Comacmn  of  Theophrastus.  From  the  leaves  of  the  (cinna- 
mon tree  a  volatile  oil  is  also  distilled  in  (Vyion.  It  has  an  analo^^ous 
(Kh>nr  and  taste  to  that  of  oil  of  cloves.  The  ( -innamon  tree  is  the  Kinnemon 
or  Kinman  of  the  Bible. — C,  Caxaia  of  Hlumc,  C.  aromaticum  of  Xees,  a 
native  of  China,  yields  C€U»ia-tiffHea  or  tlio  Ctunia  bark  of  commerce;  this 
possesses  analo;;ous  pro|)crties  to  (Cinnamon, and  like  it  yields  by  distillati>>n 
a  volatile  oil,  calle<i  Oil  of  Cwtnin,  to  the  preMince  of  which  its  pro|>erties 
are  essentially  due.  Cassia  hudn  of  commerce,  which  are  brought  from 
China  and  occasionally  used  as  a  condiment  and  in  medicine,  arc  reputed 
to  lie  the  llower-buds  of  the  same  plant.  C.  r/u/re,  C.  Ltmreiri^  and  C,  inerg 
have  also  U'en  mentioned  as  the  source  fn>m  whence  they  are  derived. 
Cassia-buds  possess  somewhat  similar  pro|)erties  to  Cassia  li^nea.  The 
Cassia  tree  is  the  Kiddah  or  Cassia  of  the  Bible.  The  inner  bark  of  C.  iu^rs 
is  very  similar  in  its  nature  and  pro|)erties  to  that  of  Cassia  bark.  The  bark 
calle<l  Indian  CV/»re  fxirk  is  iditained  fmm  C.  Cufiiaiean.  It  p<  ssesses  proper- 
ties resembling  Cassia.  Sintor  fntrk,  which  has  analo^us  properties,  is  the 
pnxhu'e  of  C.  Sint(*c. — C.  nitiditm  (ruruit^ptnidet)  and  C.  Taina^a  were  pro- 
bftt)ly  the  sources  of  the.  folia  nuUa/tathri  of  ihe  ohl  pharmacologists,  formerly 
so  hi>;hly  esteemed  for  their  Mt«»machic  and  sudorific  pro|x?rties.  The  rooth 
of  C.  parthfnoxylitn  and  C  glanduiiferum  resemble  the  official  sassafras  in 
their  pro|)eriies.    The  latter  is  the  *  Sassofras  of  Nepal.' 

Crbptocarya  miwhtUa  yields  a  kind  of  j'tJse  or  wiid  nutmeg  whi(;h  is 
termed  the  Bnizilian  Nutmetr.    (Sec  alst)  Arrodiciidium  and  AgaihophyUum.) 

Jtirypellium  raryophyllutum  yields  Brazilian  Clove  Bark  or  ('love  (lassia 
Bark.     It  is  occasir>nalIy  im|)orted,  and  used  for  mixing  with  other  spices. 

Laurns  nolnlisy  the  Sweet  Ifiiy,  is  said  to  be  the  Kzrach  or  (ireen  Bay 
tre<^  of  the  15ible.  It  is  the  classic  Laurel  which  was  used  by  the  ancientis 
to  make  crowns  for  their  hen>es,  hence  it  is  frequently  called  the  Victor's 
Laurel.  The  fruits,  which  were  formerly  official,  are  commonly  known  under 
the  name  of  Bay  or  Laurel  berries.  Bay  berries  are  reputed  to  \k\  aromatic, 
stimulant,  and  narcotic,  but  they  are  very  rarely  use<l  in  medicine.  By 
distillation  with  water  they  yield  a  volatile  oil,  commonU  known  as  the  Vola- 
tile ( )il  of  Sweet  Bay.  The  substance  called  Expressed  Oil  of  Bays  or  Laurtl 
fat  is  obtained  from  b(»th  the  fresh  and  dry  fruits  by  pressing;  them  atler 
they  have  been  boiled  in  water  ;  this  is  of  a  green  colour,  and  butyraceous 
consistence,  and  is  a  mixture  of  volatile  oil  and  fatty  Ixnlies,  like  the  ex- 
presstxi  oil  of  nutmegs.  Laurel  leaves  have  somewhat  similar  properties  to 
the  fruit.  From  their  aromatic  properties  they  are  used  by  the,  cook  for 
favouring.  These  leaves  must  not  be  confounded  with  those  of  the  poison- 
ous Cherrv  Laurel,  already  noticed.     (See  Frunus.) 

Menpihtdof^ne  pretiosa,  a  native  of  Brazil,  yields  the  aromatic  bark  called 
Casca  pretiosa  by  the  Portuguese. 
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Nectandra. — 31  Bodim  is  the  Bebeem  or  Greenheart  Tree  of  Gniaofl, 
the  wood  of  which  w  very  hard  and  durable,  and  ha9  been  employed  io 
Hhi{>- building,  &c.  Btheeru  or  bihiru  bark  is  obtained  from  this  tree;  it 
has  been  useti  of  late  years  in  medicine  as  a  sab.«titute  for  the  cinchona 
bark«>,  possessing,  like  them,  tonic,  antiiieriodic,  febrifugal,  and  astrinprent 
properties.  These  pn»perties  are  due  to  the  presence  of  a  peculiar  alkaloid 
called  Beberioy  which  has  nearly  similar  medicinal  properties  to  quinia,  and 
is  employed  by  it.^elf,  and  in  the  form  of  a  sulphate,  as  an  economical  sub- 
stitute for  sulphate  of  quinia.  It  is,  however,  verj*  inferior  in  its  prrperties  to 
quinia.  Ikbeeru  bark  and  sulphate  of  belieria  are  both  official  in  the  British 
I'hamiacojKi'ia.  The  seedf  of  the  Bebeeru  tree  contain  starch  ;  this  when 
mixed  with  an  equal  quantity  of  a  decayed  astringent  wood,  and  a  similar 
proportion  of  cassava  pulp,  is  made  into  a  kind  of  bread,  and  used  as 
food  by  the  Indians. — JV.  cymlnirum  of  Nees,  the  Ocntea  amara  of  Martins, 
yields  the  substance  called  Brazilian  Sa.»safras.  The  cotyledons  of  X. 
Puchury  major  and  minor  are  imp(3rted  from  Brazil  under  the  name  of  Sa»- 
tMifras  Nuts  or  Puchurim  Beans,  which  are  much  esteemed  as  a  flavouring 
for  chocolate.  Luring  the  continental  war  they  were  used  as  a  substitute 
for  nutmegs.  Other  species  of  Nectandra,  as  N.  tanguinea,  N.  txaltaia,  and 
N.  Icucantha^  yield  more  or  less  valuable  tinibt-r. 

Oreodaphne. — Several  species  of  this  genus  yield  valuable  timber  ;  thus 
the  Sweet-wood  is  the  produce  of  O.  exaitaia  ;  the  77/  of  the  Canaries,  of  O. 
jfatens  ;  and  the  SmifeaW  of  Demerara  is  derived  from  a  species  of  Oreodephne 
or  of  some  nearly  allied  genus. 

Perttea. — The  fruit  of  P.  gratissima  is  in  much  repute  in  the  West 
Indies.  It  is  commonly  known  as  the  Avt»cado  or  Alligator  Pear.—/*. 
indiva^  a  native  of  Madeira,  yields  a  timber  somewhat  resembling  maho- 
gany. 

Sa»na/ras. — The  root  of  <J?.  officinale  under  the  name  of  Sassafras  is 
official.  Sassafras  is  employed  medicinally  in  this  country  and  elsewhone, 
as  a  stimulant,  diaphoretic,  and  alterative.  From  it  the  volatile  oil  of  Sas- 
safras is  obtained.  Sassafras  pith  is  largily  used  in  the  United  States  of 
America,  where  it  is  official  in  the  Pharniaco{.a'ia,  as  a  demulcent. 

Natural  Order  198.  CASsiTHAt'EJi.  —  The  Dodder-Laurel 
Order. — Diafjuonis. — This  is  a  small  order  which  was  8e|>arated 
from  the  Lauracea?  by  Lindley.  The  only  important  differences 
between  the  Lauracea?  and  the  Cassytliaceae  consist  in  the 
plants  of  the  latter  being  parasitical  in  their  habit ;  in  having 
scales  in  place  of  green  leaves  ;  and  in  their  fruit  being  enclosed 
in  a  succulent  calyx. 

Uidrihiffion,  Examples,  and  Numbers.— l^&tives  of  tropical 
regions.  There  Ls  only  one  genus,  (*<t**i/f/ia,  which  contains 
about  9  species.     Their  uses  are  unknown. 

Natural  Order  199.  Athekospermace.*. — The  Plume  Nut- 
meg Order. — Character.  —  Trees  with  opposite  exstipulate 
leaves.  Flouers  axillary,  racemose,  bracteated,  diclinous  or  rarely 
jHirfect.  Cahjj-  inferior,  tubular,  with  several  divisions.  Male 
Jiowtrs  with  numerous  j)erigynou8  stamens ;  anthers  2-celled, 
opening  by  recurved  valvts.  Female  flmver  usually  with  abortive 
scaly  stamens.  Cai-peh  superior,  numeixms,  distinct,  each  with 
a  solitary  erect  ovule  ;  styles  and  stigmas  as  many  as  the  carpels. 
Fruit  consisting  of  a  number  of  acluenia  crowned  with  persistent 
featheiy  styles,  and  enclosed  in  the  tube  of  the  calyx.  Seedi 
erect,  with  a  minute  embryo  at  the  base  of  fleshy  albumen. 
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IHdrihutUm,  Examples,  and  Numbers. — NAtives  of  Australia 
and  Chili.  There  are  but  3  genera,  namely,  AiheroApenna  and 
Doryphora  from  Australia,  and  Lavrelia  from  Chili ;  these  include 
4  species. 

Properties  aiui  Uses. — They  are  fragrant  plants.  The  achsenia 
of  LanrelUi  Rr)mewhat  resemble  common  Nutmegs  in  their  odour. 

Alheronfterma. — A  decoction  of  the  bark  of  Atltemmerma  motciata  is 
8tnted  bv  Hnckhoune  to  be  ui^ied  in  ttome  parts  of  Australia  ah  a  Hubstitute 
for  China  tea.  Thin  bark  resembles  sassafras  in  flavour  and  odour,  hence 
it  is  commonly  known  under  the  name  of  Au8tr  ilian  SaMsafras  ;  it  in  oijcca- 
sionnlly  iin|K)rted  into  this  country.  The  decoction  is  likewise  employed 
as  a  diuretic  and  diaphoretic.    The  wood  is  also  valuabid  as  timber. 

Natural  Order  2()0.  Moximiace.e. — The  Monimia  Order. — 
Diagnosis. — Trees  or  sfirnhs,  with  opposite  exstipulate  leaves. 
Flowers  axillary,  diclinous.  .  The  flowers  generally  resemble 
those  of  the  AtherospennaceHe,  but  they  ditfer  in  always  being 
unisexual ;  in  the  longitudinal  dehiscence  of  their  anthers  ;  in 
the  absence  of  feathery  styles  to  the  fruit ;  and  in  their  ovules 
and  seeds  being  pendulous. 

Distrihutiony  Examples,  and  Numbers. — They  are  principally 
natives  of  South  America,  but  are  found  also  in  Australia,  Java, 
Madagascar,  Mauritius,  and  New  Zealand.  ExampUs  of  the 
G'e/w'ra:— Monimia,  Peumus.     There  are  about  40  species. 

Properties  and  Use  ft. — They  are  aromatic  fragrant  plants,  but 
their  properties  are  of  no  great  importance. 

Peumus  BoiduM  or  BoUUhi  frtigran* — The  leaves  of  this  plant,  which  is  a 
native  <»f  Chili,  under  the  UHUie  of  lV>ldo,  have  l)een  lately  intnxluced  as  a 
remedy  in  diseawes  of  the  liver,  but  their  use  has  been  attended  but  with  little 
success  in  European  practice. 

Natural  Order  201.  MYRisncACEiE. — The  Nutmeg  Order. 
— Character. — Trees.  Leaves  alternate,  exstipulate,  entire, 
stalked,  leathery.  Floicers  diclinous.  Calyx  inferior,  leathery, 
3 — 4-cleft ;  in  the  female  flower,  deciduous ;  activation  valvate. 
Alale  flower  with  3 — 12  stamens,  or  rarely  more  numerous ; 
filaments  distinct  or  monadelphous  ;  anthers  2-celled,  extrorse, 
distinct  or  united,  with  longitudinal  dehiscence.  Female  fUnctr 
with  1  or  many  superior  carpels,  or  rarely  2  ;  each  carpel  with 
1  erect  ovule.  Fruit  succulent.  Seed  arillate,  with  copious 
oily-fieshy  ruminated  albumen  ;  embryo  small,  with  an  inferior 
radicle. 

Distrihidion,  Examples,  and  Numbers. — Natives  of  tropical 
India  and  America.  Examples  of  the  Genera: — Myristica, 
Hyalostemma.     There  are  above  40  species. 

Properties  a^hd  Uses. — Aromatic  properties  are  almost  uni- 
versally found  in  the  plants  of  this  order,  more  especially  in 
their  seeds.     The  bark  and  the  pericarp  are  frequently  acrid. 

Myriatica. — The  valuable  and  well-known  spices  called  Nutmegs  and 
Mace  are  both  derived  from  M.  offieiruUis  or  M.fragrann,  the  Nutmeg  tree. 
This  tree  is  a  native  of  the  Molucca  and  other  Indian  Islands,  &c.,  and  it  is 
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now  cultivated  in  the  Bandti  Inlands,  also  in  the  Philippines,  Benooolen, 
Pcnang,  and   Sinp^apore,  in  Mauritius  West  India  IsUnds,  and  South 
America.     At  Penanjf  and  Singapore,  whence  formerly  the  beat  nutmegs 
were  obtained,  its  cultivation  has  declined  of  late  years.    The  Nutmeg;  tree 
liears  pear-shaped  fruits,  commonly  about  the  size  of  an  ordinary  peach, 
with  fleshy  p«»ricari>8 :  each  fruit  contains  a  single  seed,  snrronndea  bv  a 
lacerated  envelope  called  an  ariUnde,  or  commonly  mace ;  this  is  scarlet  w6en 
fresh,  but  usually  becomes  yellow  when  dried,  as  in  the  mace  of  commerce. 
I^neath  the  arillo4le  we  find  a  hard  shell,  and  within  this  the  nucleus  of  the 
seed  invested  closely  bv  \Xa  endopleura  or  inner  coat,  which  also  penetrates 
the  substance  of  the  alLumen  and  divides  it  into  lobes  (ruminated  tUbttmen). 
This  nucleus — that  is,  the  seed  divested  of  its  shell  and  arillode — is  the 
official   and  commercial  nutmeg.     The  pericarp  is  used  as  a  preserve. 
Both  nutmegs  and  mace  are  largely  emj)Ioyed  as  condiments,  but  their  use 
requires  caution  in  those  subject  to  apo]>lexy  or  other  cerebral  afilections,  as 
they  jwssess  narcotic  properties.     In  medicine  they  are  employed  as  stimu- 
lants, carminatives,  and  flavouring  agents.    Nutmegs  yield  when  distilled 
with  water  a  volatile  oil,  called  Volatile  or  Essential  Oil  of  Nutm^s. 
Mace  under  like  conditions  al«o  yields  a  volatile  oil  of  nearly  similar  pro- 
perties.   The  substance  called  £xpresi«d  0*1  of  Mace,  Butter  of  Nutmegs, 
or  ExpresFcd  or  Concrete  Oil  of  Nutmeg?,  is  imported  chiefly  from  Singa- 
pore, and  is  prepared  by  reducing  nutmegs  to  coarse  powder,  which  after 
exposure  to  the  va]>our  of  water  is  submitted  to  pressure  between  heated 
plates.     It  consists  of  a  small  quantity  of  volatile  oil  mixed  with  several 
/atty  bodiet^  the  most  important  of  which  is  myriattcin.    The  Nutmegs  thus 
described  are  frequently  termed  the  Tnie,  Round,  or  Oflicial  Nutmegs,  to 
distinguish  them  from  tho.<e  of  an  inferior  quality,  which  are  derived  from 
other  species  of  Myrintica,  &c.    One  of  these  inferior  nutmegs  is  found  in 
commerce,  and  is  calle<i  the  Long  or  Wild  Nutmeg.    It  occurs  in  three  con- 
ditions, namely,  without  the  hard  shell  and  arillode,  then  termed  long  or 
wild  nutmeg  ;  enclosed  within  the  fihcll  but  divested  of  the  arillode  (Jong  or 
wild  nutmeg  in  the  shell)  ;  and  within  the  shell  and  arillode  (/on^  or  wild 
nutmeg  covered  with  mace).    These  long  nutmegs  are  said  to  be  derived  from 
Myriatica  fatua,  and  probably  also,  to  some  extent,  from  M.  ma'abarica. 
Both  the  long  nutmeg  and  its  mace  are  ver>'  inferior  to  the  similar  {tarts 
of  M.  ojfficinaliM.    There  are  some  other  kinck  of  Nutmegs,  derived  from 
different  species  of  Myristica^  which  are  in  use  in  varioiu«  parts  of  th^  world, 
but  as  they  are  much  inferior  in  their  qualities  and  are  not  found  in  com- 
merce, it  is  unnecessary  to  allude  further  to  them  here.    We  have  also  already 
statifd,  that  ^ovne  false  or  wild  Nutmegs  are  derivetl  from  plants  of  the  order 
Lauracea;.     (bee  Acrodiclidium,  Agathophyllnm^  and  Cryptocarya.) 

Natural  Order  202.  Begoniaceje.— The  Begonia  Order. — 
Character. — Herbs  or  low  succulent  shrubs.  Leaves  alternate, 
unequal  sided  at  the  base  (fig.  333),  with  large  stipules.  FUncers 
diclinous,  (\d\jx  superior.  Male  flower  with  4  sepcds,  2  of 
which  are  smaller  than  the  othei-s,  and  ])laced  internal  to  them. 
Stamens  numerous,  distinct  or  coherent  in  a  column  ;  anthers 
2-celled,  clavate,  with  longitudinal  dehiscence,  clustered. 
Female  flmcer  with  5  or  8  sepals.  Ovary  inferior,  winged,  3- 
celled,  with  three  large  projecting  placentas  meeting  in  the  axis; 
.<ttigmas  3,  sessile,  2-lobed.  Fniit  winged,  capsular.  Seeds  nume- 
rous, with  a  thin  reticulated  testa,  and  without  albumen. 

This  order  and  the  Datiscacea)  are  placed  by  some  botanists 
near  to  Cuctirbitacece,  to  which  in  some  of  their  characters  they 
are  closely  allied. 


BATISCACEiE.      SAMTDACKJS.      LACISTBMACEiG.  647 

Didribution,  ExampleSy  and  Numbers. — Natives  chiefly  of 
India,  South  America,  and  the  West  Indies.  Exiimphs  of  the 
Oenera : — Begonia,  Diploclinium.     There  are  above  100  species. 

Properties  and  Uses.  — They  are  generally  reputed  to  possess 
astringent  and  bitter  prop>ertie8,  and  occasionally  to  be  purgative. 
None,  however,  have  any  particular  importance. 

Natural  Order  203.  I)ati8ca(?EjE. — The  Datisca  Order. — 
Character. — Herbs  or  trees.  Leaves  alternate,  exstipulate. 
Fluwers  ^c\mow».  3fa(e^/Z^>»i7er  witha  3^-4-cleftca/iAC.  I^<imens 
3 — 7  ;  anthers  2-celled,  linear,  bursting  longitudinally.  Female 
Jlower  with  a  superior  3 — 4- toothed  cnlyx,  and  a  1-celled  ovary y 
with  3 — 4  polyspermous  parietal  placentas.  Fmit  dry,  opening 
at  the  apex.     Seeds  without  albumen,  minute,  numerous. 

lJiiftrifmtimi.y  Examples,  a7id  Nnv^hers. — They  are  widely  dis- 
tributed over  the  globe.  Examples  of  the  Genera: — Datisca, 
Tetrameles,  Tricerastes.  The  above  are  the  only  genera  :  there 
are  4  species. 

Properties  and  Uses. — Of  little  importance.  Useful  fibres 
might  probably  be  obtained  from  the  plants  of  this  order. 

Datinca  cannahina  is  bitter  and  purgative.  The  root  is  employed  in 
Cashmere  as  a  vellow  dve. 

Natural  Order  204.  Samydacb^. — The  Samyda  Order. — 
Character. — Trees  or  shrubs.  Z/eaveji  alternate,  simple,  ever- 
green ,  stipulate,  usually  with  round  or  linear  transparent  dots. 
Floivers  perfect.  Calyx  inferior,  4 — 5-partite.  Stamens  perigy- 
nous,  2,  3,  or  4  times  as  many  as  the  divisions  of  the  calyx  ; 
Jilamcnts  united,  some  of  them  frequently  sterile  ;  antJiers  2- 
celled.  Orrtri/ superior,  1-celled  ;  style  1,  filiform  ;  placeiUas  parie- 
tal, bearing  numerous  ovules.  Fmit  cax)sular,  leathery,  1-celled. 
Seeds  numerous,  arillate,  with  oily  or  fleshy  albumen  ;  embryo 
large. 

DiMrihutivn,  Examples,  aiui  Numbers. — Exclusively  tropical, 
and  principally  American.  Examples  of  the  Genera  : — Samyda, 
Casearia.     There  are  above  100  species. 

Pro}>erti^  and  Uses. — Of  little  importance.  They  are  com- 
monly bitter  and  astringent. 

Casearia. — C.  ulmifolia^  a  native  of  Brazil,  in  there  highly  esteemed  as  a 
remedy  a<rninst  snake-bitei^.  Scuie  H|)eciea  of  Ca»earia  have  jHiisonous  pro- 
|)Crties.  — C  esculenta  has  {inrf^alire  root^. 

Natural  Order  205.  Lacistemace^. — The  Lacistema  Order. 
— Character. — Shrubs.  Leaves  simple,  alternate,  stipulate. 
Flowers  in  axillary  catkins,  perfect  or  unisexual.  Calyx  infe- 
rior, w^ith  several  divisions,  enclosed  by  a  bract.  Stamen  1 , 
hypogyno\is,  with  a  2-lobed  connective,  each  lobe  bearing  1  cell 
of  the  anther,  which  bursts  transversely.  Ovary  superior,  seated 
in  a  disk,  1-celled,  with  numerous  ovules  attached  to  parietal 
placentas.  Fmit  capsular,  1-celled,  2 — 3-valved.  Seeds  gene- 
i-ally  2  or  3,  arillate,  suspended,  with  fleshy  albumen. 
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Distiihutiony  Examples,  Nvmbera,  aftd  Properties. — Nativesof 
woody  places  in  tropical  America.     Examples  of  the  Genera : —  * 
There  are  2  genera,  namely,  Lacistema  and  Synzyganthera,  which 
contain  6  species.     Their  properties  and  uses  are  unknown. 

Natural  Order  206.  ChailletiacbvE.— The  Ohailletia  Order. 
— Character.— Tre6«  or  shriibs.  Leaves  alternate,  entire, 
stipulate.  Caly^x  inferior,  with  6  sepals  ;  sestivation  induplicate. 
Stamens  10,  perigynous,  in  two  alternate  whorls,  the  outer  peta- 
loid  and  sterile.  Ovary  superior,  2 — 3-celled,  with  twin  pendu- 
lous ovules.  Fndt  dry,  1— 3-celled.  ;Secd«  pendulous,  exalbu- 
niinous.  Some  botanists  regard  the  outer  whorl  of  sterile 
stamens  as  petals,  and  place  the  order  amongst  the  Calyciflorse, 
near  Celantraceae,  to  which  it  seems  most  nearly  allied. 

DUtribntion,  Examples,  and  Numhers. — Natives  of  tropical 
regions.  Examples  of  the  Genera : — Ohailletia,  Stephanopodium. 
There  are  about  10  species. 

Properties  and  Uses. — Unimportant.  The  fruit  of  Chail- 
letia  toxicai-ia,  a  native  of  Sierra  Leone,  is  commonly  called 
Ratsbane  on  account  of  its  poisonous  nature. 

Natural  Order  207.  Ulmace^.  —  The  Ehn  Order.  — 
Character. — Trees  or  shrubs.  Leaves  alternate,  scabrous, 
with  deciduous  stipules.  Flowers  perfect  or  unisexual,  in  loose 
clusters.  Calyx  inferior,  membranous,  imbricate.  Stamens 
perigynous,  definite.  Ovary  superior,  1 — 2-celled  ;  styles  or 
stigmas  2.  Fntit  in  dehiscent,  samaroid  or  drupaceous,  1 — 2- 
celled.  Seeds  solitary,  pendulous,  with  little  or  no  albumen  ; 
cotyledons  foliaceous  ;  radicle,  superior. 

Division  of  the  Order  aiid  Examples  of  the  Genera. — This  order 
may  be  divided  into  two  sub-orders,  as  follows  : — 

Sub-order   1.      Celtese. — Ovary   1-celled.      Examples: — Celtis, 

Mertensia. 
Sub-order  2.    Ulmene. — Ovary  2-celled.     Examples: — Planera, 

Ulmus. 

Di^rilndion  and  Numbers. — They  are  chiefly  natives  of  the 
northern  regions  of  the  world.     There  are  about  60  species. 

Properties  and  Uses. — Some  are  valuable  timber  trees.  The 
bark  and  fruit  of  others  are  bitter,  tonic,  and  astringent ;  and  a 
few  possess  aromatic  properties. 

Cr'ti*. — The  fruit  of  C.  occitlentalis  has  a  sweetish  aAtrinf^ent  taste, 
and  has  been  used  in  dysentery,  &c.  nns  plant  is  commonly  known  under 
the  nnnies  of  Nettle-tree  and  Sugar-berr}'. — C.  orientalis  has  aromatic  pro- 
perties. 

Ulmu*^  Elm. — The  inner  bnrk  of  Ulmus  campettrisj  the  common  £p^U.<b 
Kim,  is  official,  and  is  regarded  as  demulcent,  tonic,  diuretic,  and  alterative ; 
it  han  been  used  in  some  chronic  skin  diseases,  but  as  a  medicinal  a^ent  it 
is  now  nearly  obsolete.  The  dried  and  powdered  bark  has  been  mixed  with 
meal  in  Norway,  to  make  bread  in  times  of  scarcity.  'Vhe  wood  of  this  species, 
as  also  that  of  U.  montana,  the  Scotch  or  Wvch  Elm,  and  others,  is  largely 
employed  as.timber,  which  is  valuable  notonjy  for  its  toughness,  but  bcqia— 
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It  is  not  readilv  acted  upon  bv  water.  The  inner  bark  of  U.  fulva,  the 
Slippery  Elm  or  Red  Klni,  a  native  of  the  United  States,  where  it  is  ofticiRl 
in  the  Hharmacopceia,  is  much  used  in  that  country  as  a  demulcent  for  both 
external  and  internal  use.  When  ground  it  is  said  to  form  an  excellent 
emollient  })oultice,  like  that  of  Lini*efd  meal.  It  is  also  sUted  to  have  the 
property  of  iireser\'in>c  fatty  substances  from  rancidity,  when  these  are 
melted' and  kept  in  contact  with  it  for  aorae  time. 

Natural  Order  208.  Ubticace^. — The  Nettle  Order. — 
Character.~Her6«,  shnihs,  or  trees,  with  a  watery  juice. 
Leaves  alternate,  usually  rough  or  with  stinging  glands  {fig.  166) ; 


Fig.  1023. 


Fig.  1024. 


Fig.  1023.  Male  flowtr  of  tho  Small  Nettle  (Urtica  ur(n»).    c.  Calyx.    e,e, 

f.  e.   Stament",  with  2.c»*lle*l  anthers,     pr.  Rudimentary  pistil. Fig. 

1024.   Vertical  set-tioii  of  the  pistil  of  the  same.    p.  Wall  of  the  ovary. 
s.  Stigma,    o.  Ovule. 

stipulate.  Flowers  small,  unisexual  (fig.  1023)  or  rarely  perfect, 
scattered  or  arranged  in  heads  or  catkins.  Calyx  inferior  {fi^. 
1023,  c),  lobed,  persistent.  Mah  fl>ower  with  a  few  distinct 
stamens  {fig.  1023),  perigynous,  and  opposite  the  divisions  of 
the  calyx.  Female  fioioer  with  a  superior  1-celled  ovary  {figs. 
724  and  1024)  ;  omtle  solitary,  ascending  ( figs.  72 1  and  1024). 
Fniit  indehiscent,  surrounded  by  the  persistent  calyx.  Seed 
solitary  {fi^.  701^) ;  enibryo  {fig.  769)  straight,  enclosed  in  albu^ 
men  ;  and  with  a  superior  radtcUy  r. 

Distribution,  Examples,  and  Numbers. — These  plants  are 
more  or  less  distributed  over  the  world.  Examples  of  the 
Genera: — Urtica,  Boehmeria,  Parietaria.  The  order  contains 
more  than  300  species. 

Properties  and  Uses. — Chiefly  remarkable  for  yielding  valu- 
able tibres,  and  for  the  acrid  stinging  juice  contained  in  their 
glands. 

Bahmeria. — Several  species  yi«»ld  valuable  fibres,  as  B.  Puya  (Pooah 
fibre),  in  Nepaul  and  Sikkim,  and  B.  tpeciona  (Wild  Rhea).  The  most 
celebrated  of  them  all,  however,  is  B.  niceoL,  from  which  the  fibres  are  ob- 
tained that  are  used  in  the  manufacture  of  the  celebrated  Chinese  grass- 
doth,  and  for  other  purposes.    These  fibres  are  also  now  employed 
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this  country  for  textile  fabrics,  Sec.  The  Rhea  fibre  of  AaHun,  rnie  of  the 
strongest  known  fii>re8,  is  also  obtained  from  this  |dant. 

Laportea  pustulata^  the  Wood  Nettle. — ^This  is  a  native  of  the  Alleghany 
mountains  and  some  other  parts  of  North  America.  It  has  been  much 
recommended  for  cultivation  in  Germany,  &c.,  as  a  textile  plant. 

Parietaria  officinali$^  Wall  Pellitory/is  by  many  regarded  as  a  valuable 
diuretic  and  lithoutriptic. 

Urtica,  Nettle.— The  Nettles  are  well  known  from  their  stinging  glands. 
Some  of  the  Eaxt  Indian  species,  as  (L  creniUata,  U,  9iimnlan»f  and  more 
especially  U,  urentisnma^  produce  very  violent  effects.  Flaf^ellation  by  a 
bunch  of  nettles  (  Urtica  dioica,  or  U,  urena)  was  formerly  employed  in  palsy, 
"and  other  cases. —  U.  baccifera  is  used  as  an  aperient  m  the  West  Indies ; 
the  root  of  U,  pUuliftra  is  refifarded  as  diuretic  and  astringrent ;  and  an 
infusion  of  the  leaves  of  U.  dioiccL,  commonly  known  as  Nettle  Tea,  is  fre- 
quently used  in  parts  of  this  country  as  a  puriHer  of  the  blood.  Some  Nettles, 
as  IT.  tttberoMf  have  edible  tuberous  roots  ;  others  ^neld  useful  fibres,  as 
Urtica  hetcrophylia,  Ncilgherry  Nettle,  and  U.  tenacianma. 

Natural  Order  209. — Caksabtsjlcejbl — ^The  Hemp  Order. — 
Character. — Rough  herbs  with  a  watery  juioe.  Learns  alter- 
nate, lobed,  stipulate.  Flowers  small,  unisexual,  dicBcions. 
Male  flowers  in  racemes  or  panicles.  Calyx  scaly,  imbricate. 
Stamens  5,  opposite  the  sepals  ;  fiiamtnis  filiform.  FemaU 
flowers  in  spikes  or  strobiles  {fl>g.  416),  each  flower  with  1  sepal 
surrounding  the  ovary,  which  is  superior  and  1-celled,  and  con- 
tains a  solitary  pendulous  ovule.  Fniit  indehiscent.  Seed 
solitaiy,  pendulous,  without  albumen  ;  embryo  hooked  or  spi- 
rally coiled,  with  a  superior  radicle. 

Distribution- f  Examples^  arid  Numbers, — Natives  of  the  tem- 
perate parts  of  the  northern  hemisphere  in  Europe  and  Asia. 
Examples  of  the  Genera : — Cannabis,  Hnmiilus.  These  are  the 
only  genera,  and  each  contains  but  one  species. 

Properties  aiui  Uses. — The  plants  of  this  order  yield  valuable 
fibres,  and  possess  narcotic,  stomachic,  and  tonic  properties. 

Cannabis  sativa,  the  Common  Hemp. — The  valuable  fibre  called  Hemp 
is  obtained  fr«»m  this  plant.  It  is  principally  derived  from  Kussia,  but  the 
l)est  hemp  is  produced  in  Italy.  Inferior  hemp  is  obtained  from  the  United 
States  and  India  In  1873,  no  less  than  1,251,000  cwts.  of  hemp  were  im- 
ported into  Great  Britain.  Hemp  is  chiefly  used  for  cordage,  sacking,  and 
sail-cloths.  This  fibre  has  been  kmtwn  for  more  than  2,500  years.  The 
fruiti»,  commonly  termed  hemp  aceds^  are  oleaginous  and  demulcent.  They 
are  used  for  feeding  birds.  When  submitted  to  pressure,  they  yield  about 
25  per  cent,  of  a  fixed  oil,  which  is  employed  as  a  varnish,  and  for  other 
purposes.  When  the  Hfemp  plant  is  grown  in  tropical  countries,  it  varies 
in  some  important  characters  from  the  ordinary  C.  sativa  of  colder  climates, 
and  is  even  by  some  botanists  considered  as'  a  distinct  variety,  which  ir 
named  C.  sativa  var.  indica,  Indian  Plemp.  This  latter  plant  produces  less 
valuable  fibres  than  the  former,  but  it  acquires  marked  narcotic  properties 
from  secreting  a  much  larger  quantity  of  a  peculiar  resin  than  is  tbe  case 
with  the  plant  of  colder  latitudes.  The  herb  and  resin  are  largely  employed 
in  A»ia,  and  some  other  parts  of  the  world,  for  the  purposes  or  intoxication, 
and  in  medicine.  The  principal  forms  in  which  Indian  Hemp  is  found  are, 
— Gunjah  or  Ganja,  the  dried  tops  after  flowering  of  the  female  plant,  con- 
taining the  resin ;  Bhang^  Subjee,  or  Sidhee^  the  larger  leaves  and  flrnits 
without  the  stalks ;  ana  Churrus,  the  concrete  resinous  subataiioe  whieb- 
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exndcs  sfM^ntAneoasiy  from  the  utem,  leaves,  and  to]ie.  The  above  forms  are 
ill  common  use  in  India ;  and  another  cai.ed  Hathuh  or  Hasheuh  is  largely 
employed  in  Arabia.  The  word  ^assnsMin '  is  usually  said  to  be  derived  from 
hushiiih^  the  Arabic  word  for  hemp.  Other  preuarations  of  Hemp  are,  majo€m, 
in  n^  at  Calcutta,  mapmichtiri  at  Cairo,  and  the  dawamet  of  the  Arabs. 
Indian  Hemp  is  also  used  for  smoking.  This  plant  is  likewise  known  under 
the  name  of  Diamba  in  Western  Africa,  where  it  is  employed  for  intoxi- 
cating purposes  under  the  names  of  maconie  and  makiah.  In  the  form  of  an 
extract  or  tincture,  Indian  Hemp  has  been  employed  medicinally  in  this 
.  country  and  elso^'here.  Pereira  calls  it  an  exhilarunt,  inebriant,  phantas- 
matic,  hyjmotic  or  soporitic,  and  ^tupefacient  or  narcotic  ;  but  as  obtained 
in  this  country,  it  varies  so  much  in  activity,  that  its  effects  cannot  be 
de])eude<l  upon  with  certainty,  and  it  is  conitequently  not  much  employed. 
The  dried  tiowering  tops  of  the  female  plants  grown  in  India,  and  from 
which  the  resin  has  not  been  removed,  are  otficiaT  in  the  British  Pharmacf>- 
pa>ia.  The  resin  is  called  cannttbin^  and  is  usually  regarded  as  the  active 
principle  of  the  plant.  Recently,  however,  a  volatile  alkaloid  analogous  to 
nicotia  has  been  indicated  as  one  of  the  constituents  of  Indian  Hemp. 

Humvlut  Lvpulut^  the  Hop. — ^The  aggregate  fruits  of  this  plant  are 
known  under  the  name  of  strobiles  (^p.  416),  or  commonly  knpM.  These 
fruits  consist  of  scales  (bracts),  and  acha;nia,  the  latter  of  which  are  sur- 
rounded by  yellowish  aromatic  glands  (^g.  162).  These  glands,  which  are 
usually  termed  lujndinie  ylanda^  are  the  most  active  part  of  hops.  They 
c<mtain  a  voiatile  oH^  and  a  bitter  principle  called  lupulin  or  lupiUiU^  to  the 
pre>en(?e  of  which  hops  [irincipally  owe  their  properties.  The  bracts  also 
api>ear  to  contain  a  very  small  proportion  of  lupulin,  and  are  therefore  Dofc 
devoid  altogether  of  active  properties ;  they  also  omtain  tannic  aciti,  and  are 
therefore  somewhat  astringent.  Ho|is  are  used  medicinally  fsr  their  stomachic 
and  tonic  properties.  They  are  also  to  some  extent  narcotic,  especially  the 
odorous  va)>onrs  from  them,  hence  a  pillow  stutTed  with  hope  is  occaaionally 
employed  to  induce  slee}).  The  chief  use  of  hops,  however,  is  in  the  manu- 
facture of  ale  and  beer,  to  which  they  impart  a  pleasant  aromatic  bitter 
flavour,  and  tonic  and  soporitic  jiroperties.  They  also  prevent  beer  from 
rapidly  becoming  sour.  In  Helgiura,  &c.,  the  young  shoots  of  the  Hop  are 
much  use<l  iis  a  vegetable,  and  proi>erly  prepar^  for  the  table  they  are  said 
to  make  a  most  delicate  dish. 


Fig.  1025. 


Fio.  102G. 


Natural  Order  210.  Morace^.— The  Mulberry  Order. — 
Character. — Trec»  or  slu-ubs  with  a  milky  j uice.  Lextves  with 
large  8ti[>ule8.  Flowers  unisex- 
ual, in  heads,  spikes,  or  catkins. 
Male  Jfoicers  with  a  3— 4-partite 
caljfx  {Jig.  1026),  or  achlaniy- 
deous.  StameiuH  3 — 4,  perigy- 
nous  (jig.  1025),  and  opposite 
the  segments  of  the  calyx. 
Female  flowers  with  3 — 6  sejKtls. 
Ovary  superior,  1 — 2-celled. 
Fniit  a  sorosis  (fl^.  719)  or 
syc<mu8  (flg.  401).  Seed  soli- 
tary, pendulous  {fl^.  102G) ; 
emhrijo  hooked  {fig.  1026),  in 
fleshy  albumen,  and  with  a  superior  radicle. 

Vistrihitiony  Examples,  and  Numbers. — They  are  natives  of 
both  hemispheres,  and  occur  in  temperate- and  tropical  climates^ 


Fig.  l()35.    Male  flower  of  the  Black 

Mulberry  (Morus  nigra). Fig.  1026. 

Vertical  section  of  tbo  ovary  of  the 
female  flower  of  tlie  same. 
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Examples  of  the  Genera : — Morus,  Ficus,  Dorsienia.     There  are 
over  200  species. 

Properties  aivd  Uses. — The  milky  juice  of  some  8p>ecieB  poa- 
Besses  acrid  and  poisonous  properties,  while  in  oQiers  it  ia 
bland,  and  may  be  taken  as  a  beverage.  From  the  milky  juice 
of  some.  Caoutchouc  or  India-rubber  is  obtained.  The  inner 
bark  of  other  species  supplies  fibres.  Some  possess  stimulant, 
sudorific,  tonic,  or  astringent  properties.  Many  yield  edible 
fruits,  while  the  seeds  generally  of  the  plants  of  this  order  ace ' 
wholesome. 

BrnuMonetia  papyriferoy  the  Paper  Mulberry,  is  so  named  from  its  inner 
bark  beinf:^  used  in  China,  Japan,  &c.,  for  the  manufacture  of  a  kind  uf 
paper.    Ttie  Otaheitang,  &c.,  also  make  a  kind  of  cloth  from  it. 

Doratenia. — ^The  rhizomes  and  rootlets  of  several  species  have  been  sup- 
posed io  be  antidotes  to  the  bites  of  venomous  reptiles,  and  al«o  of  iiiAny 
poisonous  sul)stances ;  those  of  D.  Cnntrayerva  and  D,  braailienn$  have  been 
likewise  employed  in  Britain  for  their  stimulant,  tonic,  and  diaphoretic  pro- 
perties. 

Fictu. — F.  Carica  yields  the  well-known  fruit  named  the  Fip.  Fijifs  are 
nutritive,  emollient,  demulcent^  and  laxative ;  thev  are  official,  and  are 
frequently  employed  in  medicine.  The  Fig  tree  is  tfie  Teenak  of  the  Bible. 
— F.  oppositifolia  and  /'. /To/^orpa,  natives  of  the  East  Indies,  aie  said  to 
possess  emetic  properties. — /*.  eiastica^  a  native  of  India,  yields  an  inferior 
kind  of  India-rubber.  It  is  known  in  commerce  as  As^am  rubber  It  also 
yields  Java  rubber.  From  other  species  a  similar  substance  is  obtained. 
The  juice  of  F.  toxicaria  and  F.  daemona  is  a  verj*  jwwerful  poison. — F, 
Sycomorus  (St/comnrut  antiquorum)^  the  Sycnmore  Fi^,  is  said  by  some 
authors  to  have  yielded  the  wood  from  which  mummy-cases  were  made. 
(See  Cordia,)  Richard  states  that  the  Abyssinians  eat  the  inner  bark  of 
/'.  panifica.  The  brown  hairy  covering  of  the  leaves  of  F.  lasinjthyUa  is  used 
as  a  styotic  at  Singapore,  &c! 

Madura. — The  wood  of  M.  tinctnria^  a  native  of  the  West  Indies  and 
South  America,  is  of  a  golden-yellow  colour,  and  is  much  used  in  this 
country  and  elsewhere  as  a  dyeing  ag^'nt.  It  is  known  as  Fustic  or  Old 
Fustic,  to  distinguish  it  from  Young  Fustic,  already  noticed.  (See  RhuM.) 
The  fruit  is  edible. — M.  aurantiaca  is  the  source  of  the  fruit  called  Osage 
Orange,  the  juice  of  which  is  u-ed  by  the  native  tribes  in  some  districts  of 
America  as  a  vellow  war  paint. 

Moru9. — l^he  fruit  of  Moras  nigra  is  our  common  Mulberry.  The  juice 
is  official  in  the  British  and  Indian  Pharmacopceias.  Mulberries  are  well 
known  as  a  dessert  fruit ;  they  are  also  employed  medicinally'  lor  their  re- 
frigerant and  slightly  laxative  properries,  and  likewise  to  give  colour  and 
flavour  to  medicines.  The  Sycamine  tree  of  the  Bible  is  supposed  to  be 
this  plant.  The  leaves  of  this  species,  as  well  as  those  of  Mnru»  alba, 
White  Mnlbeny,  and  others,  are  in  common  use  as  fiMid  for  silk-worms. 
The  roots  of  buth  M.  nigra  and  M.  alba  are  said  to  be  cathartic  and  anthel- 
mintic. 

Natural  Order  211.  —  Aktocarpacbj?.  —  The  Bread-fruit 
Order. — Character.  —  Trees  or  shrubs  with  a  mil ky  j nice. 
Leaves  alternate  (Jig.  1027),  simple,  with  large  convolute  sti- 
piiles.  Floicers  unisexual,  in  dense  heads  (fig,  1027,  a,  6,  c). 
Male  flowers  (fl>g,  1027,  b)  achlamydeous,  or  with  a  2 — 4-lobea, 
or  2-— 4-Bepaled  calyz.    Stamens  opposite  the  lobes  of  the  culyx 
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or  to  tha  wpala.     Ftnuile  fitnrm  arranged  over  a  fleithy  recep- 
tacle of  varying  form  (Jig.  1027,  a,  c).     CWtw  inferior,  tubular, 
2— 4-cleft  or   entire.      Ovury 
miperior,  1-celled.    Fruit  com-  Fio.  I0J7. 

mcinly  a  sorcisiB.  Hetd  erect 
or  pendukiiis,  with  Httle  or 
no  albumen  ;  emhnjii  atraight, 
with  a  aiiporior  radicle. 

DintnliiilUin,  Kj^imphu, 
(i)iil  Ntimlirni.  ~—  EicluBively 
tropical  i>liinta.  Eynmptes  i-f 
the  (Irnein : — AntiarLt,  Arto- 
carpiis,  Phytocrene.  There 
(ire  about  (iO  ipecieB. 

Proj-?rtifBci(n/  ['«».— The 
milky  juice  of  leTeral  Bpeciee 
yidilH  ludia-nibber.  This 
juicu  i*  in  certain  c»«es  poison- 
•  lua,  while  in  others  it  furniaa 
niitriticiiiB  beverage.  A  few 
yield  valuabie   timber.      The 

fruita  of  Btinie  are  edible,  and    Ftf.  lotr    Bmnch  of  ti 
the  seedii  Renerally  <)t  plants       ™l-^!^J^.r' 
of  this  order  are  wholesome. 


plBtllluti' floiran,    t  Hftil  fft  ntanilmlri 


AHlmrit.—A.  laximrla  in  the  crlehrnred  Aal^ar  or  Vpat  pntsnn  tire  tit 

niilkv  jiilvp  \»  ihr  pi>lHUUin»  |>todiicl.  Tbin  pulmiii  nwon  jbi  luiivilv  tn  ■ 
(■ei-ulinr  |irinpi|ilf  nanivd  1>y  Hcllrlifr  anil  f.'nTimlriu  aaliarlit. — Antiarii 
( AnmriiHjRi)  tarcukira.  n  niiivp  of  ihe  Eut  Inclim,  ha*  ■  vpry  tonf^  iimrr 
liiirk.  which  »  attil  fur  ciinluKF,  TnattiiiK.  tie.  Sacks  alKn  m  made  biaa  it 
in  foUc.wH :— '  A  branch  ix  lUl  <-giTf»[Hmdinj.'  In  tlie  Ipnuth  mid  diameter  of 
thi>  rack  wantnl.  Il  ii  mnkiwl  a  little,  and  then  bntpn  wltii  rlalni  nntil 
Ihp  lilirr  ivfiaratM  from  the  wunl.  I'his  dnDP,  \\tt  Mck  funned  nf  the  bark 
i»  lunicfl  inaidc  nul.  and  pullnl  duwii  till  the  wiml  1*  rawnl  'ilT.  with  tike 
pKcpplion  iif  ■  huhI]  piece  left  to  finni  the  hitloin  of  the  Midi.'  Theiw 
^>sl-k^•  ire  nimtiiDiilv  uanl  to  cany  rice,  and  olher  unbitanccgi.  llie  Kedn 
have  a  verv  bitter  taale. 

Arlnmrpa:—1br  frail  of  A.  tnciia  la  the  iinporlant  Itwiiil  fruit  of  tlio 
Mnlni-ca!>  anil  inlands  iif  the  HaciHe.  It  iiapt'lin  tlie  place  nf  Rim  to  tbe 
rintiveB  of  thtise  re([inn!i.  It  ii  al»>  ue>c(I  to  Home  extent  in  the  West  Indies, 
Iml  iK  not.  MI  muchvalueil  tberr  tcr  fottl  an  the  Planloia.  in  the  Sinth 
•Sra  T'^UndB  the  juice  ia  pniploved  an  ^hie,  the  wood  oh  limlwr,  and  the  bark 
' ■■' ■■'-■  ■'-'—■        '   inlrfri/«lia  yiehls  the  Jnk  or  Jack- 


«  kind  <if  cloth— 


ill  tawly  lueil  a«  fim 


'■•he  ill 


colon 


i'he   I 


nLw  cni|ili>yed  U 


JeyliMi,  Simthcnilndim 
lis  are  lihewlKe  much 
c  the  Itudilhut  prieata' 


milk 


N  U  the  celehrated  Pals  dc  Taca  or  Cow- 
anieil  fnini  itn  niilkv juice  Imnitnutritiou* 
'  MaMiironiluha  tree  of  Bradl,  the  jairt  of 
las  lieen  liijihiy  reconininiiled  aa  a  sonrc*  of  India-nibbet.    The 
:k  of  B.  yamoffita  id  tucd  iti  Panama  for  aaila,  ropei,  ganneoti^ 


PLATANACE^ 


The  wood,  "which  w 


oblninrd  iWi  Central  AmeriRi.  Ecuador.  Sen 
Gmnnda.  nnd  the  Weat  Indies  i  and  itnowD 
coninii-rriiillv  a>  We*t  Indiao.  Carthageni. 
Nicsrauiia,  dondnn*,  Guaviiiuil,  (iuntpiiuU, 
&c.,  ni1)l>eT«.  Th»e  are  chieSv  exported  from 
CaRha(,-cna  to  Gi«at  Britain  and  the  United 
Htxtn. 

Vtrriana  piUala  is  rtmarkablefar  itaMemn 
beinK  hnllinr  pxrept  nt  tlie  noden,  hmcr  titer 
■reuwJ  fiirwind  inatnimenta.  Cow*  arruid 
to  thrive  well  on  it*  leaves.  Its  cultivation 
lias  leeu  recommended  in  Algeria  *s  ■  fsnge 

Ciidra»ia,—The  hesrt-wnod  of  *  <pef\rf  nf 
thle  fpnuf.  native  of  Kast  Tropical  Africa, 
yiddan  liehtyelloir  colour  someichat  belween 
that  of  qnerdlron  bark  and  fustic 

PhytBrmir. — Thiaitenas  ie  novcommDnlf 
mnsiilered  to  con-titutr  a  new  onler  callnl 
Pkftocrmaeat.  The  plants  beloQKine  lo  it 
are  cli'nbinn  shrubs,  natives  of  Ihe  East  In- 

and  seeds  willi  a  lart.'e  quiDlitj'  of  nllmnien, 
wliieh  litter  character  al  once  distineuiahes 
them  from  the  A  rtocarpaceee.    They  vidd  a 


iiy'tiie  m 


large  nuantilyofwatCTv Juice  wl 

hence  ihey  are  lemied  Water-vines,  or  'pi 

fhuntains.'     In  Martaban  this  juice  is  dr 


Natural  Order  212.     Platamace^ 

^■riic  Plane  Order.— Chnracter.— 

Trtfi  or  lihruht   with  n  watery   juice. 

Ltnrtt      alternate,      with      deciiluoua 

shenthinft  aliiiules  {ji-g.  1028).     Flotm 

unisexual,  mimcecioua,  id  globii1ar(  fg. 

yi.jA«W.  BmnciiofthePlane    1028)  auientaceouB  heads  ;  achlomvde- 

^ih  '""in?.I^i"i""to,d;     CI"-     Mair  flo>rtr«  with  I  «(<im«v'and 

ot     BciJamjdwHH    leuieig     a     2-celled    litienr    aiithtr.        Ffmalt 

"'■""■  jUnPtTi  {fig.  1028)  conaisting  of  a  1- 

eelled  otary,  and  a  thick  xtyU  ;  nWo 

1 — 2,   BUB[ietid(yl .       Fmita    arranged   in   a    compact    rounded 

Itead,  consisting  of  clnvat«  achtenia  with  persiitent  styles.     SreA 

1—2,  pendulous  ;  tmbriju  in  verjthin  albumen,  with  an  inferior 

Dittrilmlum,  ExampUs,  and  Nnmhtn.—'Ihej  are  natives 
principall;  of  North  America  and  the  Levant.  Platanu*  ia  tbft 
only  genua,  of  which  there  are  6  or  G  specia*. 
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Properties  ami  Utes. — Of  no  particular  importance,  except 
tliat,  from  their  being  large  handsome  trees,  and  flourishing  well 
in  large  towns,  they  are  commonly  planted  in  our  parks  and 
squareH.  The  leaves  resemble  in  shape  those  of  the  Sycamore 
tree.     The  timber  is  sometimes  used  by  the  cabinet  maker. 

Natural  Order  213.— Stilaginace.*:. — The  Stilago  Order. — 
Character. — Trets  or  shnihs.  Leaves  alternate,  simple,  lea- 
therj',  with  deciduous  stipules.  Flawers  minute,  unisexual,  in 
scaly  spikes.  (Sdijx  2 — 6-partite.  Male  flowers  consisting  of  2  or 
more  stamens  on  an  enlarged  thalamus  ;  anthers  usually  2-lobed, 
with  a  fleshy  connective,  and  dehiscing  transversely  at  the  apex. 
Feviale  flowers  with  a  superior  1 — 2-celled  ovary,  each  cell  with 
2  suspended  (/villi's.  Fruit  drupaceous.  Seeds  suspended,  albu- 
minous ;  embryo  straight,  with  leafy  cotyledons,  and  a  superior 
radicle. 

Distribution,  Examples,  and  Nundters.  —  Natives  of  Madagas- 
car and  the  East  Indies.  Examples  of  the  Genera : — Stilago, 
Falconeria.     There  are  about  20  species. 

Pro})€rties  and  Uses. — Unimportant.  The  fruits  of  A  ntidesma 
pubesceiui  and  HtHayo  Bnnias  are  subacid  and  agreeable. 

Natural  Order  214.  CERATOPHYLLArE.B.  —  The  Hnmwort 
Order. — Character.  —  Aquatic  lierhs.  Leaves  verticillate. 
Flowers  minute,  axillary,  sessile,  monoecious.  Calyx  or  innt- 
Incre  of  bracts  inferior,  8 — 12-partite.  Malefloirer  consisting  of 
12 — 20  st<(mens  ;  anthers  sessile,  2-celled.  Female  flower  with  a 
superior  1-celled  ovary,  and  1  pendulous  ovuU.  Fruit  hard  or 
nut-like,  indehiscent.  Seed  exalbuminous,  pendulous  ;  embryo 
with  a  large  many-leaved  plumule,  and  a  very  short  inferior 
radicle. 

Distrdmtion  and  Projyerties. — Natives  of  the  northern  hemi- 
sphere. Ceratoj)hyllnm  is  the  only  genus.  The  properties  and 
uses  of  the  species  are  unknown. 

Natural  Order  215.  Callitrichacil<e. — The  Starwort  Order. 
— Character. — Small  aquatic  herbs.  Xfatv.«  opposite,  entire, 
simple.  Flouers  minute,  axillary,  solitary,  unisexual,  achla- 
mydeous.  Male  flower  c»f  1 — 2  stamens  ;  aiUhers  reniform.  Fe- 
male flower  with  a  4-comered,  4-celled  ovary,  with  1  suspended 
ovule  in  each  cell.  Fruit  indehiscent,  4-celled.  Seeds  4,  peltate, 
with  fleshy  albumen  ;  embryo  inverted,  with  a  very  long  supe- 
rior radicle. 

IHstrilmtion,  Numbers,  and  Properties. — Natives  of  fresh- 
water j)oola  in  Europe  and  North  America.  Callitriche  is  the 
only  genus  ;  this  includes  several  varieties  or  species.  Their 
properties  and  uses  are  unknown. 

Natural  Order  216.  EupHORBiACEiE. — The  Spurgewort 
Order. — Character. — Trees,  shrubs,  or  A<'r6if,  usually  with  an 
acrid  milky  juice.  Leaves  alternate  or  opposite,  simple  (fig.  327) 
or  rarely  compound,  and  with  or  without  stipules.  Flovoers  uni- 
sexual {figs.  519,  546,  622,  and  1029),  monoecious  {fi^.  1029)  or 


ess 


Et[PHOBBIACS.S. 


diceRinus,  axilUr7  or  terminal,  somatimes  enoloaed  in  a  calyx* 
like  involucre  (^.  10Si9,  i) ;  BChlaniydeuus  (Jigt.  519  and  622), 
or  with  a  lobed  (figi.  646,  t>36,  e)  inferior  caljx,  having  on  iU 
inside  glandular  or  scalj  appendages  (fig.  63C,  t,  and  1029,  b\ 
or  even  evident  petals  {Jige.  546,  p,  and  636,  p),  which  ara 
either  liiatinct  or  united.  MaUJIiiuiera  conaiating  of  1  (Jiga.  624 
and  1029, /nt)  or  more  glament  {fiq.  546,  f),  diatinct  or  united 
(Jig.  54C,  a),  and2-oelled  anihen.  Pemnfe/uuMrs  with  a  superior 
otarg  {figa.  636  and  637),  which  is  either  elevated  upon  a  stalk 
{fig.  1029,  ff)  or  Beaaile  (jig».  636  and  637),  1-  2-  3-  or  many- 
ceOed  ;  iififb's  either  absent  or  corresponding  in  number  to  the  ceUa 
of  the  ovary,  entire  or  divided  {fig>.  622,  636,  and  C37j;  gtigmat 
Fi<;.  1029,  Flu.  ioao. 


equal  in  number  to  the  cells  of  the  ovary,  or,  when  the  style* 
are  divided,  corresponding  in  number  to  their  divisions  {figa. 
622,  636,  and  637) ;  oniha  1  or  2  in  each  cell,  suspended  from 
the  inner  angles  (fg.  1030).  Fndt  either  dry,  and  its  parts 
then  separating  from  each  other  and  from  the  axis  ifig».  670  and 
704)  and  usually  opening  with  elasticity  ;  or  succulent  and  inde- 
hiscent.  Hfede  1  or  2  in  each  cell,  suspended  {fig.  1030),  often 
arillate  or  uarunculate  ;  embryo  (fig.  1030)  in  fleshy  albumen, 
with  flattened  cotyledons,  and  a  superior  radicle. 

DiiigaosU. — Herbs,  shrubs,  or  trees,  commonly  with  an  acrid 
milky  juice.  Flowers  unisexual,  monoecious  ordiux:ioUH.  Calyx 
absent  or  present,  and  then  inferior.  Male  flowers  with  one  or 
more  stamens  and  2-ceUed  anthers.  Female  flowers  with  a  supe- 
rior ovary,  1  or  more  celled,  with  1  or  2  suspended  ovules  in 
each  cell.  Fruit  of  1,  2, 3,  or  many  dry  carpels,  which  separate 
from  the  axis  and  from  each  other,  and  usually  open  with  elas- 

^toaty  ;  or  fleshy  and  indebiscent.    Seeds  suspended  ;  embryo  in 

BpHhy  albumen,  with  a  superior  radicle. 
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DisfrihiUiony  Examples,  and  Numhera. — They  are  more  or 
less  distributed  over  the  globe,  and  are  especially  abundant  in 
Equinoctial  America.  Examples  of  the  Genera: — Euphorbia, 
Mercurialis,  Ricinus,  Rottlera,  Xylophylla,  Buxus.  There  are 
above  2,500  species. 

Prft]>erties  and  Uses. — These  plants  generally  contain  an 
acrid  poisonous  principle  or  principles,  which  Is  found  more  or 
less  in  all  their  parts.  Some  are  very  deadly  poisons.  But  in 
proper  doses  many  are  ui»ed  medicinally  as  emetics,  purgatives, 
diuretics,  or  rubefacients.  A  pure  starch,  which  is  largely  em- 
ployed for  food,  may  be  obtained  from  some  plants  of  the  order ; 
while  India-rubber  may  be  procured  from  the  milky  juice  of 
others.  A  few  are  entirely  devoid  of  any  acrid  or  poisonoud  prin- 
ciple and  are  used  medicinally  as  aromatic  tonics.  Some  have 
edible  roots  ;  others  yield  dyeing  agents  ;  and  several  are  valu- 
able on  account  of  their  wood. 

AraJtfpha  inHica. — The  expressed  juice  of  the  leaves  possesses  emetic  and 
expectorant  pmpertics.    The  r<)ot  is  purgative. 

Afeurifes  trUoha^  the  CandJe-nut  tree. — ^This  plant  is  a  native  of  the 
M(»lucca8,  Cochin  China.  New  Caledonia,  &c. ;  it  yields  a  fruit  called  the 
Bancnul  Xut  or  Candle  Nut.  The  seeds  yield  by  expression  an  oil  called 
Kekui  or  Kekune ;  this  is  largely  employed  in  some  parts  of  the  world,  and 
has  been  im|  orted  into  London.  1 1  is  used  as  an  artist's  oil,  and  has  also  been 
reooniniended  as  a  purgative.  It  is  said  to  resemble  castor  oil  in  its  action. 
Corewiiuler  states  that  its  illuminating  power  is  superior  to  that  of 
Colza  «»il  :  htit  other  ol'scr\'er8  say  that  its  purgative  power  is  but  very 
feeble,  and  that  it  is  useless  for  illuminating  purposes. 

Anda  brcuiiensis. — The  seeds  yield  by  expression  a  fixed  oil.  Both  the 
oil  and  seeds  possess  active  cathartic  properties.  The  oil  is  also  said  to 
po«ses8  drying  qualities  superior  to  even  that  of  boiled  linseed  oil.  The  juice 
of  the  bark  is  used  in  Brazil  for  stupefying  fish. 

Biixvs. — B.  sempervirenSy  the  Box- tree,  is  valuable  for  its  timber,  which 
is  much  used  by  wood  engravers.  Its  leaves  are  purgative.  Box  has  like- 
wise been  frequently  recommended  for  the  treatment  of  hydrophobia. — B. 
balearica,  the  Turkey  Box,  also  yields  valuable  timber.  The  best  is  known 
as  Turkey  Boxwood,  and  is  obtained  from  regions  round  the  Black  and  Caspian 
Sens. 

Croton. — The  seetls  of  C.  Tig^ium  constitute  the  crntnn  tetda  of  the 
Materia  Medica ;  these  yield  by  expression  the  ofliicial  crntnn  oil^  which 
is  a  powerful  hydragogue  cathartic  in  doses  of  from  half  a  drop  to  two  or 
three  drops.  It  is  also  employed  externally,  as  a  rubefacient  and  counter- 
irritant.  The  seeds  are  likewise  used  in  India  as  purgative  pills,  under  the 
name  of  Jamalgafa  pills.  The  seeds  of  C.  Roxbnrghii,  C.  PavanOf  and  C, 
obUmgifnHus  have  also  purgative  properties. — C.  Eluteria  of  Bennett,  a 
native  of  the  Bahama  Islands  and  Cuba,  rields  the  aromatic,  bitter,  and 
tonic  bark,  commonly  known  as  Cascarilla  bark,  which  is  official  in  the 
British  Pharmacopoeia.  It  has  an  agreeable  smell  when  burned,  hence  it 
is  also  used  for  iumigation  and  as  an  ingredient  in  paatilles. — C  Pseudo- 
China  yields  the  Quilled  Copalche  bark  of  Pereira,  and  C.  suberosum  is 
probably  the  source  from  whence  Corky  Copalche  bark  of  the  same  author 
IS  obtained.  Copalche  barks  in  their  medicinal  properties  resemble  casoa- 
rilla.  The  aromatic  tonic  bark  known  as  JUalamho  or  Matias  bark  is  the 
]Todiice  of  C.  Malambo.  It  is  a  favourite  medicine  in  Columbia  for 
diarrhoea,  and  as  a  vermifuge,  and  is  likewise  used  externally  in  the  f  rm 
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of  an  alcoholic  tincttire  in  rheumatism.  It  has  been  also  employed  with 
gootl  eft'ect  in  intemiittent  and  some  other  fevere.  In  the  United*  StAtea  it 
is  reported  to  be  used  for  adulteratinjcgnjund  spices. — C.  /acci/<rn(jn,  a  native 
of  Ceylon,  and  C.  Draco,  a  native  of  Mexico,  yield  resins  which  are  useful 
for  making  varnishes,  &c.  The  spirituous  liquor  known  in  the  West  Indies 
as  Eau  de  Manles,  and  useful  in  irregular  menstruation,  is  obtained  ftt>m 
C.  balMomtfemm. 

Crozophora  tinctnrioj  a  native  of  the  South  of  France,  yields  by  expres- 
sion a  green  Juice,  which  becomes  purplish  under  the  combined  action  of 
ammonia  and  the  air.  This  purplish  dye  is  known  under  the  name  of 
tumiole. 

Eleeoencca  or  Dryandra  Vemicia  is  a  native  of  China  and  Japan.  The 
seeds  yield  by  expression  a  fatty  oil  (the  Wood  Oil  of  China),  which  is 
enormously  used  in  China  for  painting,  and  for  preserving  wood-work, 
varnishing  furniture,  and  in  medicine.  It  is  also  largely  exported  from 
Hankow. 

Euphorbia. — Some  of  these  plants  have  succulent  stems,  much  resembling 
the  Cactacew ;  but  their  milky  juice  will,  in  most  cases,  at  once  distinguish 
them.  The  acrid  resin,  commonly  called  ffum  enfAorbiufHy  the  botanical 
source  of  which  has  been  referred  to  various  species  of  Euphorbia,  as  E. 
canariensiBy  E,  officinarum,  E.  antiquorum,  and  E.  Utragona^  has  now  been 
traced  by  Dr.  Cosson  to  Euphorbia  resinifera  of  Berg.  This  drug  is  a 
dangerous  acrid  emetic  and  cathartic  when  taken  internally,  and  externally 
it  is  a  powerful  rubefacient ;  its  use  medicinally  is  now  solely  contlned  to 
veterinary  practice.  It  is,  however,  very  largely  used  as  an  ingredient 
in  a  kind'of  paint  employed  for  the  preservation*  of  ships*  l>ottoms.  The 
seeds  of  E.  Lathyria,  Ca|>er  Spurge,  are  purgative,  and  yield  by  expression 
a  verj'  active  cathartic  oil.  They  were  formerly  called  Semina  Calapmtm 
minori*.  This  plant  is  called  the  Caper  Spurge,  fVom  the  use  of  its  pickled 
fruits  by  bousekeei^ers  as  a  substitute  for  ordinary  ea|)ers.  But  their  ero- 
ph}yment  for  such  a  purpose  is  not  altogether  free  from  danger,  although 
the  process  of  pickling  would  seem,  in  a  great  measure,  to  destri>y  the  acrid 
purgative  nature  which  the  fruit  i>osscs.ses  in  a  fresh  state.  The  root  of  E. 
Ipecacuanha  is  commonly  known  ns  American  Ipecacuanha,  from  its  use  in 
tne  United  States  as  an  emetic.  The  root  of  E.  coroUat€L,  called  Milk- weed 
in  the  United  States,  has  similar  properties. — E,  Petitiana  and  E.  Sckim- 
periana  have  ver}'  purgative  qualities.  The  root  of  E.  neriifolia  is  in  great 
repute  in  India  as  a  remedy  in  snakebites.  The  acrid  milky  juice  of  E. 
autiquorunit  E.  Nivulia,  and  E.  Tirucalli  possesses  cathartic  and'antbclmintic 
properties.  Species  (»f  Euphorbia,  as  E.  hdiotcopia,  E.  Peplit,  and  E,  den' 
droides,  are  used  in  (Ireece  to  stupefy  fish. 

Fontaima  Pancheri. — From  the  seeds  of  this  plant,  which  is  a  native  of 
Ifew  California,  a  drastic  oil  mav  be  extracted,  which  Dr.  Heckel  says 
closely  resembles  croton  oil  in  its  piiysiological  properties. 

jfevea  Guayanensis  (  Siphmia  elastica),  Hevea  braMiliensis,  If.  SpruceamOt 
and  probably  other  species,  natives  of  Brazil  and  Guiana,  arc  the  sources  of 
Para  India-rubber,  the  best  commercial  variety  and  the  one  mostly  used  in 
this  country.  The  j)rincipal  source  is,  however,  H.  bra^iensin.  The  com- 
mercial kind  of  rubber  known  as  Maranham  is  also  probably  obtained  from 
one  or  more  specits  of  Hevea, 

Hippomane  MancineUa  is  the  famous  Manchineel  tree.  The  juice  is  a 
virulent  poison.  It  would  seem  probable  that  the  poisonous  principle  of 
this  plant  is  volatile,  as  it  has  been  asserted  that  some  persons  have  died 
from  simply  sleepinj^  under  it.  Seemann  states,  that  if  sea-water  be  applied 
to  the  eyes  when  aftectcd  by  the  poison,  it  allays  the  inflammation  in  an 
effectual  manner. 

Jatrpphn. — The  seeds  of  J.  purgant  (Curcas  j^roana),  and  those  <rf  J. 
muUifiduM  {Curcas  muitijidus),  are  called  Physic  Kuta.     They  yield  by 
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pressure  fixed  oils,  and  both  the  seeds  and  oils  are  drastic  cathnrtio).  The 
needs  of  J.  multifidua  under  the  name  of  Furguira  or  Purquira  nut$,  are 
lar^jely  exported  from  the  Cape  de  Verd  Islands.  They  are  almost  all  Mat 
to  Marseilles  to  be  used  in  the  soap  manufacture  of  that  citv.  The  oil  mav 
also  be  used  for  burning,  &c. ;  it  is  known  as  Furguira  Oily  and  in  English 
comm('rce  as  Pulza  Oil  or  S^d  Oil.  The  oil  of  J.  purgans  is  commonlv 
distinguished  as  Oil  of  IV^dd  Gistor  Seeds  or  Jatntpha  Oil,  and  is  well 
adapted  for  burning.  It  is  said  to  be  employed  for  adulterating  East  Indian 
Croton  oil.  A  decoction  of  the  leave*  is  used  by  the  natives  of  the  Cape  de 
Verd  Islands  to  excite  a  secretion  of  milk.  The  seeds  of  J.  goss^ijoHoy 
Bastard  French  Physic  Nut,  also  possess  purgative  properties. 

Manihot  Htilissi'ma  (Jatntpha  or  Janipha  MamiJtol)^  Hitter  Cassava. — 
Cani^av  i  Meal,  which  is  largely  employed  in  making  the  Cassava  Bread  or 
Oikes,  in  common  use  by  the  inhabitants  of  tropical  America  as  food,  is 
obtained  by  grating  the  washed  root^,  and  then  subjecting  the  pulp  to  prea- 
sure  and  dfving  it  over  a  fire.  The  roots  and  expre^^sed  juice  are  virulent 
p<jisons  owing  chiefly  to  the  presence  of  hydrocyanic  acid  ;  but  their  poison- 
ous nature  is  destroyed  by  wa-shing  and  the  application  of  heat.  Cassava 
Sixirch,  Tapityca  Meal  or  Brazilian  Arrowroot,  and  Tapioca,  are  also  pre- 
pared from  the  roota  of  Manihot  utilissima :  thus  the  lecula,  which  is  de- 
l>osited  from  the  washed  pulp  after  the  juice  has  been  expressed,  when  dried, 
constitutes  Cassava  Starch  ;  and  Tapitica  is  prepared  by  submitting  Cassava 
Starch  while  moist  to  heat  on  hot  plates.  Tapioca  is  largelv  employed  as  a 
dietetical  substance  in  this  country  and  elsewhere.  The  sauce  called 
Cassaretp  in  the  West  Indies,  &c.,  is  the  juice  concentrated  by  heat  and 
flavoured  bv  aromatics. — Maniiutt  Aipior  Janipha  Lcefiingii.  Sweet  Cassava, 
has  none  of  the  poisonous  pro|«rties  of  the  preceding  plant.  It  is  now 
generallv  considered  aa  a  variety  of  Manihot  utilissima.  The  root  is  a  com- 
mon article  of  food  in  the  West  Indies  and  some  partj*  of  South  America. 
It  is  n»  mealy  «s  a  potato  when  boiled.  Cassava  meal  and  bread,  as  well  aa 
Cassava  (starch  and  Tapioca,  are  also  prepared  from  the  roots  of  this  plant, 
which  are  distinguished  as  Sweet  Cassava  roots. — M.  Giaziovii  is  the  source 
of  Ceara  India-rubber. 

OldfieUlia  africana  is  the  source  of  the  valuable  timber  known  as  African 
Oak  or  African  Teak. 

Omphtlea  triandra. — The  juice  is  sometimes  employed  in  Guiana  asji 
substitute  for  black  ink.  The  seed  from  which  the  embrj'o  has  been  ex- 
tracted is  said  to  be  eatable. 

Fhi/llanthus. — Phyllanthus  Embliea  (Emblica  oJicinaHs). — The  fruits  of 
this  Iiidian  plant  constitute  Kmblic  Myrobalans.  (See  Terminalia,)  When 
in  a  drv  state  they  are  employed  for  tanning,  and  as  an  astringent  in  medi- 
cine. The  fruita  are  likewise  used  as  a  pickle,  or  preserved  in  sugar.  The 
bark  is  als*>  astringent,  and  the  flowers  are  reputed  to  be  refrigerant  and 
aperient. — P.  Niruri  and  P.  urinaria  are  employed  as  diuretics  in  India. 

Ricinus  communis,  the  Castor  Oil  Plant,  or  Palma  Christi.— The  plant 
called  Kikayon  in  the  Bible,  and  translated  Gourd,  is  by  some  a)nsideredto 
refer  to  this  species.  This  plant  and  other  species  or  varieties  are  largely 
cultivated  in  the  East  and  West  Indies,  America,  Italy,  and  some  other 
parts  of  the  world,  for  their  seeds,  which  are  commonly  called  Castor  Seeda. 
The  leaves  have  been  recommended  as  an  external  application,  and  for 
internal  administration  to  promote  the  secretion  of  milk.  Castor  oil  is  ob- 
tained from  the  seeds,  either  bjr  expression  with  or  without  the  aid  of  heat, 
or  by  decoction,  or  by  the  aid  of  alcohol.  The  oil  employed  in  India, 
Enirlanfl,  the  United  States,  and  with  few  exceptions  now  in  other  parts  of 
the  world,  is  obtained  solely  by  expression.  Castor  seeds  when  taken  whole 
arc  extremely  acrid,  and  have  produced  death ;  but  the  oil  obtained  from 
them  is  a  mild  and  most  efficient  non-irritating  purgative.  This  oil  is  sup- 
posed to  owe  its  purgative  properties  to  the  presence  of  some  acrid  principle 
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which  is  contained  in  both  the  albumen  and  embn'o.  bnt  at  present  this 
matter  has  not  been  ij»olated.  The  socalled  concentrated eattor  nil,  which  is 
sold  in  gelatine  capsules,  is  generally  adulterated  with  croton  oil,  and  hence 
may  produce  serious  effects  when  given  in  particular  case8.  The  Castor-oil 
plaint  is  cultivated  in  Alceria  for  the  purpose  of  feeding  silkworms  upon  its 
leaves.    The  oil  has  also  been  UFed  there  for  burninir 

BotUera  tinctoria  (MaJhttis  Philippmeuth). — The  fruit  of  this  plant  is 
covered  by  a  red  powder  which  consists  of  small  glands.  This  powder  has 
long  been  employe<l  as  a  dye  for  silk  ;  for  this  purpose  it  is  commonlv 
mixed  with  alum  and  carbonate  of  soda,  Ace.  when  it  produces  a  deep 
durable  beautiful  orange  or  flame  colour.  The  dye  is  kno^-n  at  Aden  under 
the  name  of  Wara»  or  Wnrrus.  It  is  designated  in  the  Indian  bazaars, 
Kcmala.  The  root  of  this  plant  is  also  reputed  to  be  uspfnl  in  dveing. 
Kamala  is  likewise  much  employed  in  India  as  an  anthelmintic,  and 'exter- 
nally in  certain  cutaneous  diseases.  Ihe  Arabs  also  use  it  in  leprosy,  &c. 
Kamala  has  been  intmduced  into  the  British  PharmacopaMa,  and  is  said  to  l>e 
especially  useful  for  the  expulsion  of  taenia.  But  in  this  country  it^  use 
has  not  been  attended  with  much  success.  Kamala  has  also  been' used  ex- 
ternally in  this  country  in  hernetic  ring-worm.  Dr.  FlUckiger  has  descril  ed 
in  the  Pharmaceutical  Jovrtuu  another  kind  of  Kamala  possessing  similar 
properties,  and  which  is  also  derived  from  a  species  of  Rottlera  or  MaUotus, 

StiiUngia. — S.  nebifrra  is  called  the  Chinese  Tallow  Tree,  from  its  seeds 
being  covered  by  a  white  sebaceous  substance,  which,  when  separated,  is 
found  to  be  a  pure  vegetable  tallow ;  it  is  used  for  candles,  &c.  The  plant 
has  now  been  successfully  acclimatised  in  Algeria. — ^V.  sjfivatictL,  Queen's 
Delight.  The  root  is  official  in  the  United  States  Phnrmacopopia.  It  Is 
known  as  Queen's  Root,  and  is  used  as  an  emetic,  cathartic,  and  alterative. 
It  is  rei)uted  to  be  very  serviceable  in  several  skin  diseases. 

Natural  Order  217.  Scepace-«.— The  Scepa  Order. — Dta- 
gnosis. — This  order  is  closely  allied  to  Eiiphorbiaceie,  from  which 
it  may  be  distinguished  by  its  flowers  being  avieniaceotis. 

IHstrihiUiimf  Numbers^  and  Properties.  — Natives  of  the  East 
Indies.  There  are  6  species.  The  wood  of  Aporosa  (Scepa  or 
Lepidostachys)  Boxburghii  is  called  Cocus  or  Kokra.  It  is  very 
hard,  and  is  chiefly  employed  for  flutes  and  similar  muaioil 
instruments. 

Natural  Order  218.  Empetrace^.— The  Crowberry  Order. 
—  Character. — Small  Heath-like  evergreen  shnths.  Leaves 
exstipulate.  Flmcers  axillary,  unisexual.  Calyx  of  4 — 6  per- 
sistent imbricated  hypogynous  scales,  the  innermost  occasionally 
petaloid  and  combined.  Stamens  alternate  with,  and  equal  in 
number  to,  the  inner  sepals.  Ovary  superior,  placed  on  a  disk, 
2 — 9-celled  ;  omiles  solitary.  Fruit  fleshy,  composed  of  from 
2 — 5  nuts.  Seed  solitary  in  each  nut,  ascending  ;  embryo  with 
an  inferior  radicle. 

Distrilnition,  Examples,  and  Numbers. — Mostly  natives  of 
Northern  Europe  and  North  America.  Examples  of  the  Qmera : 
— Empetrum,  Corema.     There  are  4  species. 

Properties  and  Uses. — The  leaves  and  fruit  are  generally 
slightly  acid.  The  berries  of  Empetrum  nigrum,  the  Crowberry, 
are  eaten  in  the  very  cold  parts  of  Europe,  and  are  aLso  employed 
in  Greenland  in  the  preparation  of  a  fermented  liquor.   In  Por* 
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tugal,  the  berries  of  Corema  are  used  in  the  preparation  of  a 
beverage  which  is  said  to  be  useful  in  febrile  complaints. 

Natural  Order  219.  Batidace^— The  Batis  Order.— This 
supposed  distinct  order  only  contains  a  single  plant,  the  Batis 
iimrltimay  a  succulent  shrubby  species,  native  of  the  West 
Indies,  where  it  is  occasionally  used  as  an  ingredient  in  pickles. 
Its  ashes  also  yield  barilla.  Some  authors  regard  this  genus  as 
belonging  to  Chenopodiacene. 

Natural  Order  220.  Nepenthace.*. — The  Pitcher-Plant 
Order. — Character. — Herbs  or  somewhat  shrubby  plants. 
Leaves  alternate,  and  terminated  by  a 
pitcher  which  is  provided  with  an  articu- 
lated lamina  (Jig.  385).  Floirers  terminal, 
racemose,  diojcious.  Cahjx  inferior,  with 
4  divisions.  Stiimetis  usually  16,  united 
into  a  column  ;  anthers  2-celled,  extrorse. 
i>rar\i  superior,  4-angled,  4-celled.  Fruit 
a  capsule,  4-celled,  with  loculicidal  dehis- 
cence. Seeds  very  minute,  numerous,  albu- 
minous ;  eniftryo  with  an  inferior  radicle. 

Didributi^yUy  Numbers,  and  Properties. 
— Natives  of  swampy  ground  in  China  and 
the  Eiist  Indies.  Nepenthes  is  the  only 
genus  ;  it  includes  about  14  species.  Their 
properties  are  unknown. 

Natural  Order  221.  Aristolochiace.*. 
— The  Birth  wort  Order. — Character. — 
Herbs  or  climbing  shrubs.  Leaves  alter- 
nate. Fbnvers  axillary,  perfect  (fig.  1031), 
dull-coloured.  Calyx  tubular,  superior 
(fig.  1031),  with  a  valvate  aestivation. 
Stamens  6—12,  arising  from  the  top  of  the  Fi(j.  1031.  Vertical  section 
ovary,  and  either  attached  to  the  rtyle  '^^tj,^^:^,'^^^^ 
(  fin.   1032)  or  distmct  ;  anthers  extrorse.      ch\a  ciematuh). Fig. 

Oeani   inferior    (fig.    1031),    3— 6- celled  ;      los^.TheRynnBciumand 

.,''.        1  ..^•'•^         i-i.-        /^      i/v30v         andrcBclura  of  the  same. 

.•«f.»//f  Simple  ;  stujnMS  TEidi&tin^  (Jig.  1032),      ^,vy.   1033.    Trans- 

and  corresp<mding  in  number  to  the  cells      verse  section  of  the  seed, 
of  the  ovary.     Fr?tj7  capsular  or  succulent, 
3 — 6-celled.     ^S'e^^^  numerous,  albuminous  (fig.  1033) ;  emhiyo 
very  minute  (Jig.  1033). 

Distrib^ititm,  Examples^  and  Nvmhers. — Sparingly  distributed 
in  several  parts  of  the  world,  but  most  common  in  tropical 
Si »Tith  America.  ExampUs  oj th^  Genera : — Asarum,  Aristolochia. 
There  are  about  130  species. 

Properties  and  C/^.t.— Birth  worts  contain  a  bitter  principle 
and  a  volatile  oil  ;  they  generally  possess  tonic,  stimulant,  and 
acrid  properties.  Many  of  the  species  are  regarded  in  various 
parts  of  the  world  as  useful  in  curing  the  effects  of  snake- 
bites. 
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Aristolochm^  Birth  wort. — Several  species  have  been  employed  for  centu- 
rieB  in  medicine,  principally  on  account  of  their  supposed  emmenago^ue 
properties,  and  hence  the  name  of  Birth  wort  which  is  applied  to  the  genu^. 
The  roots  of  A.  lunga,  A.  rotundoj  A,  Ciemaiitu^  and  others,  have  been  thus 
used.  They  all  possess  stimulant  and  tonic  properties.  The  ywwdered  root 
of  A.  longa  wa.s  an  ingredient  in  the  once  celebrated  Duke  of  Portland 9 paw^ 
dtrforgiiut.  Several  of  the  species  have  been  reputed  specilics  for  snake- 
bites, but  without  any  satisfsctorv  proof. — A.  auguicida  is  supposed  by 
Lindley  to  be  the  celebrated  Guaco  of  the  Columbians.  The  juice  of  ita  root, 
as  well*  as  that  of  many  other  sppcies,  is  said  so  to  stupefy  snakes  that  they 
may  be  handled  and  played  witli. — A.  Sei-pentaria^  Virginian  Snake-root. 
The  rhizome  and  rootlets  are  official  under  the  name  of  Serpentary  root. 
Serpentary  was  oriirinnlly  introduced  into  this  country  and  elsewhere  as  an 
antidote  to  snake-bites,  but  it  has  no  efficacy  in  such  ca<>es.  It  is,  however, 
a  valuable  stimulant,  tonic,  and  diaphoretic,  and  is  especially  useful  in  fevers 
of  a  low  or  typh(»id  character.  An  allied  species,  A.  reticulata,  a  native  of 
the  Western  I.  nited  States,  is  also  official  in  the  United  States  Pharmacopoeia. 
It  yields  the  Texan  or  Bed  River  Snake  root,  which  has  similar  pro|)ertie8 
to  the  ordinary  Vir£?ininn  Snake-root ;  and  is  frequently  substituted  for 
it  in  commerce.—^,  indica  is  in  high  repute  in  India  as  a  stimulant,  tonic, 
and  emmerngogue. — A,  bracteata  is  regarded  in  India  b»  an  anthelmintic 
— A.  recurvilabra,  is  the  srmrce  of  the  drug  which  is  highly  esteemed  by  the 
Chinese,  and  known  as  *  Green  Putchuk.*  It  is  reputed  to  be  a  powerful 
purgative,  emetic,  and  anthelminric.  It  is  principally  employed  as  an 
antidote  ngninst  snak('-bites,  and  likewise  as  a  remedy  for  bums  and  in- 
digestion. It  is  al:)0  largely  used  for  the  purpose  of  making  incense 
sticks. 

Asarrnn. — A.  europtevm,  Asarabacca,  possesses  acrid  properties.  It  has 
been  eni])l()ye(l  m  mediciue  as  an  emetic,  and  as  an  errhine  in  headache  and 
ophthalmia.  Its  powder  is  supposed  to  constitute  the  chief  ingredient  in 
cephalic  snuff. — A.  canadense,  Canada  Snake-root  or  Wild  Ginger,  has 
aromatic  properties.  The  rhizome  is  u»ed  in  the  United  States  as  a  tonic, 
diaphoretic,  and  aromatic  stimulant. 

Brapantia. — The  juice  of  the  leaves  of  B.  Wallichii  is  regarded  as  an 
antidote  in  .-nake-bites,  more  especially  in  that  of  the  cobra. — B.  tomentota 
is  used  by  the  Japanese  as  an  emmeiiagogue. 

Natural  Order  222.  Santalace^.  — The  Sandal- Wood  Order. 
— Character. — Herhs,  shrnhs,  or  trees,  iearc*  entire,  alter- 
nate. Flmoers  usually  perfect.  Calyx  superior,  4— 6-cleft, 
valvate  in  lestivation.  Stamens  perigynous,  equal  in  number  to, 
and  opposite  the  segments  of,  the  calyx.  Ovary  1-ceBed,  infe- 
rior ;  ovules  1 — 4,  usually  suspended  ;  placenta  free-central. 
Fruit  indehiscent,  l-seeded.  Seed  with  a  quantity  of  fleshy 
albumen  ;   embryo  straight,  minute  ;  radicU  superior. 

Distrihuiion,  Examples,  and  Numbers. — Natives  of  various 
parts  of  the  world.  The  species  found  in  North  America  and 
Europe  are  inconspicuous  herbs  ;  those  of  India,  Australia,  &c. , 
are  trees  or  shrubs.  The  genus  Thesium  is  partially  parasitic 
on  the  roots  of  other  plants.  Examples  of  tlie  Genera: — Fusanus, 
Santalum.     There  are  about  120  species. 

Properties  and  Uses.— ^ome  of  these  plants,  as  H^eaium  are 
slightly  astringent ;  others  have  a  fragrant  wood ;  and  a  few 
produce  edible  fruits  and  oily  seeds. 

Fu$aiiu8  acumiiiatus  (Santalum  cygnorum')  is  the  Quandang  Kut  of  Aus- 
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tralia.    The  fruit  Ls  edible  and  resembles  Almonds  in  flavonr.    This  tree 
aW)  yields  a  kind  of  8anda]  wood.     (Sec  Santalum.) 

tantalum. — iS.  album  is  a  native  of  India.  The  wood  called  Sandal  Wood 
is  remarkable  ff)r  its  fragrance.  It  is  sometimes  used  as  a  perfume  ;  bat  its 
chief  consumption  is  for  incense  in  the  Chinese  temples,  and  in  India  in  the 
celebration  of  sepulchral  rites,  where  pieces  of  Sandal  wood  are  placed  by 
the  wealthy  in  the  funereal  pile.  The  wood  is  also  much  useti  by  cabinet 
makers  for  caskets  and  other  purposes.  In  India  and  other  parts  of  the 
Ea^t  it  is  also  emplcyed  medicinally  as  a  sedative  and  for  its  refrigerant 
properties.  By  distillation  it  yields  a  fragrant  volatile  oil,  which  is  esteemed 
as  a  perfume,  and  has  recently  been  recommended  as  a  remedy  in  gonorrhoea. 
— S.  Freycinetianum  and  *V.  pyrularium  produce  the  Sandal-wood  of  the 
Sandwich  Islands;  i9.  yicut,  a  kind  of  Sandal-wood  from  the  Fiji  Islands; 
S.  augtro-edlednnicMtn^  that  from  New  Caledonia  ;  and  -S.  ct/gnorum  ( Ftutanus 
acuminatuit)^  and  iS.  spkatum^  that  from  Western  Australia.    (See  FwtanusJ) 

Natural  Order  223.  Loranthace.^. — The  Mistletoe  Order. 
— Character. — Parasitic  shrubs.  Leaves  commonly  opposite, 
exstipulate,  greenish.  Flowers  perfect  or  diojcious.  Caly^K 
superior,  with  3 — 8  divisions  ;  sestivatu/n  valvate  ;  sometimes 
absent.  Stajneiis  equal  in  number  to,  and  opposite  the  lobes 
of,  the  calyx.  Ovary  inferior,  1-celled,  with  1 — 3  ovules,  erect 
or  su8i>ended,  and  a  free-central  placenta.  Fruit  commonly 
succulent,  1-celled,  with  a  solitary  seed ;  embryo  in  fleshy 
albumen,  with  the  radicle  remote  from  the  hilum. 

Many  botanists  place  this  order  among  the  Corolliflorae,  and 
near  Caprifoliacefe,  as  the  genus  Loranthus  has  a  cup-like 
expansion  external  to  the  floral  envelopes,  which  is  regarded  by 
m«iny  as  a  true  calyx,  and  what  we  have  called  a  calyx  above, 
as  a  corolla.  We  follow  the  arrangement  of  Lindley,  who  re- 
gards this  cup-like  body  as  an  expansion  of  the  pedicel.  Miers, 
again,  has  separated  this  order  into  two,  which  he  has  respec- 
tively termed,  Loranthacese  and  Viscacese  :  Loranthaceee  being 
usually  characterised  by  its  largo  showy  crimson  dichlamydeous 
perfect  flowers,  long  stamens,  and  an  ovary  with  a  solitary 
suspended  ovule  ;  and  Viscacese  by  its  small  pallid  dioecious 
monochlamydeous  flowers,  with  stamens  sessile  or  nearly  so,  and 
1-celled  ovary  with  3  ovules  attached  to  a  short  free-central 
placenta,  one  of  which  only  becomes  perfected. 

DiMribution,  ExiimpleSj  and  Numbers. — They  are  principally 
found  in  the  hotter  parts  of  America  and  Asia.  Three  species 
are  natives  of  Europe,  and  a  few  occur  in  Africa  and  some  other 
regions.  Examples  of  the  Genera: — Myzodendron,  Viscum, 
Loranthus.     There  are  above  400  species. 

Properties  and  Uses. — Unimportant.     Some  are  astringent. 

Loranthus  tetrandus,  a  native  of  Chili,  produces  a  black  dye. 

Viscum  album  is  the  common  Mistletoe.  It  is  ])arasitic  on  many  trees 
in  this  country,  as  Willows,  Thorns,  Limes,  Elms,  Oaks,  Firs,  and  especially 
the  Apple  tree.  The  Mistletoe  of  the  Oak,  which  is  very  rare,  was  an  ob- 
ject of  HU])erstitiou8  veneration  by  the  Druids.  The  fruit  has  a  viscid  pulp, 
which  is  sometimes  employed  for  making  bird-lime.  It  is  said  that  the 
fruit.s  when  eaten  produce  severe  poisoning  symptoms,  the  effects  resembling 
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vomicOy  were  found  in  iDclia  to  possess  siinilar  poisunoiis  properties  to  that 
plmt,  from  gruwing  upon  it,  and  to  be  useful  In  like  coses  to  it  in  medicine. 

Natural  Order  224.  Helwinoiacea. — The  Helwingia  Order. 
— Character. —The  order  only  contaiaB a  aingle  known  speciea, 
Helwingia  rtisci/olia  ;  thia  u  a  Bhrubby  plant  found  in  Japan, 
the  leaves  of  which  are  employed  as  an  esculent  vegetable. 
Lindley  considerB  it  a»  nearly  allied  to  Garryaceie,  from  which 
it  ia  chieGy  known  hy  its  alternate  atipulate  leaves,  fascicled 
flowers,  and  '3 — 1-celled  ovary. 

Natural  Order  225.  Garry a<?e.e. —The  Garrya  Order.— 
C  b  aracter.— Evergreen  ahruba.  J^eiiMj  uppusite,  esatipulatu. 
Floicere  unisexual,  amentaceous.  Mule  jUiwer  with  4  aepaU,  and 
stamens  alternating  with  them.  Female  Jtoinr  with  li  superior 
2-toothed  calyx,  and  1-celled  owtry  with  2  styles,  and  2  pen- 
dulous stalked  ovules.  Fmit  indebiscent,  baccate,  2-Heeded. 
Seed  with  a  very  minute  embryo,  albuminous. 

DiitTUnifioii,  Examples,  and  Nvntben. — Natives  of  the  tem- 
perate parts  of  North  America,  or  of  the  West  Indio.'^,  Examples 
of  the  (?*jier<i.'— Garrya  and  Fadyenia.  These  are  the  only 
genera ;  they  include  t>  species. 

PTnpert\e>  and  Uaes. — But  little  is  known  of  the  propertie* 
of  these  plants  ;  but  Garrya  FiemontU,  a  native  of  California, 
ii  known  as  the  Quinine  Bush  from  its  leaves  being  used  iii  feveis 
and  (4(11  e. 

Natural  Order  220.  Juolasdac-e.*. — The  Walnut  Order. — 
Trees.    Leaves  alternate,  pinnate,  cistipulate.    Fluw-r. 

Fio.  1034. 


{Jig.  1034).      Male  Jfoicers  in  amenta  (fg.  1034) ;   ealyr  2—6- 
partite,  irregular.     Fctnalt:  Jiuirers  sohtiuy,  or  in  amall  terminal 
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clusters  ;  adijx  superior,  regular,  3— 5-lobed  ;  oranj  inferior, 
2 — 4-celle(l  at  the  base,  1-ceIled  above  ;  oiyuk  solitary,  erect. 
Fruit  called  a  tryina  (page  310).  -See</  (Ji^.  1035),  2— 4-lobed, 
without  albumen  ;  embryo  with  sinuous  oily  cotyledons,  and  a 
short  superior  radicle. 

Distrihuflon,  EjximpleSy  and  Numbers.  — Chie^y  natives  of 
North  America,  but  a  few  are  found  in  the  East  Indies,  Persia, 
and  the  Caucasus.  Jtiglmis  regici,  the  Walnut  tree,  is  a  native 
of  the  countries  between  Greece  and  Cashmere.  Exfimples  of 
the  Genera  : — Juglans,  Carya.     There  are  about  30  8f)ecie8. 

rropertie^t  arid  Uses. — Chiefly  important  for  their  valuable 
timber,  and  for  their  oily  edible  seeds. 

Carya. —  Carya  alba  is  the  common  Hickory,  valuable  for  its  timber,  and 
for  its  Hlilile  seeds,  which  are  knonni  as  Hickory  Snts. — C.  uiirac/ormiB 
yield**  an  <»live-8hnped  or  elli|>tical  set'd  re^embUngthe  Walnut  and  Hickory 
ill  flavour,  and  which  is  known  as  the  Ftccan  Xut.  Thene  nuts  have  the  finest 
flavour  of  any  s|>ecies  of  this  ^enus  ;  they  also  yield  a  fixed  oil  by  pressure, 
which  is  palatable.  Both  Hickorv  and  Peccan  nuts  are  occasionally  im- 
jKirted  into  this  country. — C.  jtorcina  yields  an  edible  seed  which  is  termecl 
the  Pi<i  or  Hog  Xut.  It  is  consumed  bv  pigs,  squirrels,  &c.  Its  wood  is 
regarded  as  superior  to  that  of  either  of  the  other  si»ecies  of  Carya, 

Juy'aiin. — J.  regia,  the  Walnut,  is  valuable  for  its  harci  rich  deep 
brown  beautifully  marked  wood.  This  is  much  employed  in  ornamental 
furniture  work,  and  for  gun  stocks.  The  unripe  Iruit  is  also  used  for 
]>irklin;,'.  The  seed  of  thii  ]»lant  is  our  well-known  edible  Walnut.  This 
yields  bv  expression  a  useful  fixed  oil  of  a  drving  nature  like  Linseed  oiL 
'it  may  f)e  employed  for  burning  in  lamps  ancf  in  cookery.  The  i>ericarp  haa 
had  a  rei)Utarion  as  a  vermifuge  from  the  time  of  Hipj»ocr4tes.  The  bark 
i)oss<*sses  cathartic  proi»erties. — J.  nigra,  the  Black  Walnut,  a  native  of 
S'orth  America,  is  also  esteemed  for  its  timber. — J.  alba  or  cinerea,  the 
White  Walnut  or  Butter-nut,  is  another  useful  timber  tree.  The  inner  bark 
of  its  root,  which  is  official  in  the  United  States  Phannacopa*ia,  is  employed 
as  a  mild  purgative.  When  applied  to  the  skin  it  al'ioar'ts  as  a  ruliefacient. 
The  unri|ie  fruit  is  used  for  pickling  ;  and  the  ripe  seed  is  edible  like  our 
common  walnut. 

Natural  Order  227.  Cobylace^  or  CvprLiFER.f:. — The  Oak 
Order. — Character. — Trtes  or  shnibs,     Leacts  {ji(j,  201)  alter- 

Fkj.  103C.  Fig.  1037.  Fiu.  1038. 


Fi'f.  103C.  Male  flower  of  a  spocles  of  Oak  (Qu^mu). Fig.  1037.  Female 

flower  of  the  same. Fig.  1038.  Tranavcrse  section  of  the  female  flower. 

nate,  usually  feather- veined  {fig.  308^  simple,  with  deciduous 
stipules.  i'7au'€r«  monoecious.  Mah  Jiotv^rs  (fig.  1 036)  clustered 
or  in  amenta  (Jig.  392)  ;  stamens  6 — 20  (Jig.  1036),  inserted  into. 
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the  base  of  a  membranous  yalvate  calyx,  or  of  scales.  Female 
Jluwers  {fig.  1037)  solitary  or  clustered,  and  surrounded  by  an 
involucre  of  bracts  (fig.  1037),  which  ultimately  form  a  cupule 
{fi>g8.  395  and  396)  round  the  ovary  and  fruit ;  ovary  inferior, 
surmounted  by  a  rudimentary  calyx,  3  (fig.  1038)  or  more  celled  ; 
ovules  2  in  each  cell  or  solitary,  pendulous  or  peltate  ;  stigmas 
almost  sessile.  Fruit  a  glans  or  nut  (figs.  395  and  396).  Seeds 
1  or  2,  without  albumen. 

Distribution,  E.rampks,  arid  Numbers. — They  abound  in  the 
forests  of  temperate  regions.  A  few  occur  in  the  high  lands  of 
tropical  and  hot  climates.  Examples  of  the  Cknera :— -Carpinus, 
Corylus,  Castanea,  Quercus.     There  are  nearly  300  species. 

Properties  and  Uses. — Most  important  on  account  of  their 
valuable  timber.  Many  yield  edible  seeds,  and  some  have 
highly  astringent  barks  and  cupules. 

Carpinwt. — C.  Betulusyihe  Hornbeam,  and  C.  am^ncrtwit*,  are  well  known 
for  their  timber,  which  is  principally  employed  for  making  agricultural  im- 
plements, and  for  the  cogs  of  mill  wheels. 

Cattanea. — C.  miiaaris  (vtsca)  is  the  Spanish  Chestnut,  which  is  much 
cultivated  for  its  timber,  and  for  its  nuts  wliich  are  so  well  known  for  their 
edible  properties.  They  are  principally  imported  from  Spaiu,  whore  tbev 
aie  largely  employed  as  an  article  of  ft>od  by  the  agricultural  classic. — t. 
americana^  a  native  of  the  United  States,  also  yields  a  much  smaller,  but 
very  sweet  kind  of  Chestnut,  which  has  l^een  occosionnllv  imjiorted. 

Corylus  AvellanOj  the  common  Hazel,  is  the  origin  of' the  most  anciently 
used  and  most  extensively  consumed  of  all  our  edible  nuts.  There  are 
several  varieties  of  the  Hazel,  as  the  White,  Red,  and  Jerusalem  Filberts; 
the  Great  and  Clustered  Cobs  ;  the  Red  Smyrna,  the  Black  Spanish,  and 
the  Barcelona  Nuts,  &c.  The  importation  of'thesc  alone  into  this  country 
is,  on  an  average,  150,000  bushels  a  year.  The  oil  which  is  obtained  fhwn- 
them  by  expression  is  occasionally  employed  by  artists  and  watchmakers. 
Good  charcoal  is  also  obtaineii  from  the  branches  of  the  Hazel. 

Fagus. — F.  sytvatica^  the  Common  Beech,  is  well  known  for  it«  timber. 
The  fruits  (Beech-mast)  form  a  food  for  pigs.  The  fruit  of  F.  ftrruginea  is 
eaten  in  North  America.  The  seeds  of  some  species  yield  by  expression  a 
fixed  oil. 

Ostrya  vulgaris  (virgirtica)  iwssesses  a  vcrv  hard  wood,  which  in  Amenca 
has  been  CHlled  in  consequence  Iron-wood.  It  is  also  termed  Lever-wot»d 
from  its  being  used  for  making  levers. 

Quercus. — The  timber  of  several  species  of  this  genus  is  employed 
for  shi|)-buildin^,  and  other  important  purposes:  namely,  that  of  the  Q. 
Jii>bur,  the  common  British  Oak,  of  which  there  are  two  varieties,  which  by 
sonie  are  regardetl  ns  distinct  species,  and  called  Q.  pedunculata  and  Q.  sessili- 
fiora  ;  that  of  the  Q.  CVm>,  Turkey  or  Adriatic  { >ak  ;  of  the  Q.  cdba.  White 
Oak  ;  the  Q.  ruhra.  Red  Oak  ;  the  Black  Oak  (  Q.  tincioria)  ;  the  Q.  Ilex ;  and 
the  Live  Oak  (Q.  virens), and  others.  Many  Japanese  sj^ecies also  yield  valu- 
able timber.  The  bark  of  several  species  is  astrin^nt,  and  largely  employe<l 
in  tanning,  &c.  ;  that  of  Quercus  pedunculata  is  most  esteemed.  The  dried 
bark  of  the  young  branches  and  stems  of  this  plant  is  official  in  the  British 
Pliannacopana,  and  is  employed  in  medicine  as  an  astringent  and  tonic. 
The  fruits  (acorns)  of  this  and  the  other  species  or  varieties  which  are 
natives  of  this  country  have  been  also  ^renerally  recommended  as  food  for 
cattle,  but  rewnt  experience  would  seem  to  show  that  they  possess  injurious 
l»ro|>ertie8.  The  outer  bark  of  Quercus  SuUr^  the  Cork  Oak,  constitutes 
the  cork  of  commerce.    The  bark  obtained  from  the  younger  branches  of 
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the  sAme  tree  is  a1«o  imported  into  thin  country  from  Sputn.  It  is  commonlj 
known  as  Euntpean  Alcoruoque  Hark,  and  is  U8ed  for  tanning  purposes.  (See 
Boiifiichia.)  The  inner  luirk  of  older  stems  m  also  imported  ks^  cork-tret 
bark,  and  diniilarly  employed. — Quereui  jEf^yiops.  The  acorn-cups  (cupuiei) 
of  this  species  are  inqiorted  from  the  Levant  under  the  name  of  Vmnnia  ; 
the  dried  hnlf-matured  acorns  of  the  same  plant  arc  also  imported  under  tlie 
name  of  Canuita  ;  and  the  very  young  onen  h»  Caaui/ina.  These  three 
arti«'les  nre  valuable  for  their  tanning  properties. — Quercus  tinctoria^  the 
BUick  Oak,  has  already  been  noticed  as  a  valuable  tiniber  tree.  Its  bark 
in  called  Quercitron  Bark,  it  is  used  for  tanning,  and  in  this  country  ita 
inner  portion  is  also  employed  fur  dyeing  yellow.  The  bark  of  this  species 
and  that  of  Qi/rrcuf  o/Zhx  nre  official  in  the  United  States,  where  they  are 
eni]>loyed  for  their  astringent,  febnfugal,  and  tonic  properties.  The  bark 
of  Q.  aqttatica,  a  North  Aincrioan  species,  and  that  ot  Q.  Ilex,  a  South 
Kuro|»ean  specie!»,  is  also  (Mn|)loyed  l)y  tanners. — (Querent  sinentu,  a  native 
of  Ciiina,  yitlds  a  dye. —  Quercua  cocci/era^  the  Kermes  Oak,  hus  its  voung 
branches  attacked  by  a  .species  of  CoccuMf  by  which  little  reddish  balls  are 
Jornicd  upon  their  surface,  which  wei*e  formerly  much  used  as  a  crimson 
dye.  The  young  branches  of  Oak  trees  are  espwiall  v  liable  to  be  punctnretl  by 
in-*i*cts.  by  which  the  morbid  excresc-ences  commonfy  called  gtiiig  are  produced. 
The  more  important  of  these  excrescences  fonn  the  Nut  GiUU  of  commerce, 
and  the  large  Mecca  or  Bumorah  Gal/g  of  Pereira.  The  latter  are  also  called 
l)ruil-»ea  Appits,  Mad  Applea^  and  Apples  of  Sodom  :  I  hey  are  produced  by 
Ci/ttij>s  insttua  on  the  Qutrcu*  injecloria.  Ihe  former  arc  pn'duced  on  the 
branohes  of  Qiiercus  iufectoriu  by  the  Cynip*  Gallae  tinctorue.  They  are  alone 
otiicial,  and  are  extensively  employed  in  tanning,  for  the  preparation  of  tiie 
othcial  tannic  and  gallic  acids,  for  making  ink,  and  for  other  purposes  in 
the  arts.  They  likewise  pof»sess  tonic,  astringiut,  and  antifteriodic  proi>erties. 
i*fn.'ira  also  regarded  them  as  a  valuable  antidote  in  poisoning  by  Tartar 
Enif  tic.  The  best  Nut  Galls  come  from  the  Levant.  Two  kinds  are  comnumly 
distinguished  under  the  names  of  blue  and  white  galls.  The  dark-coloured 
galls,  which  are  uLso  inJi)erforate,  aie  the  most  valuable.  The  round  smooth 
galls,  now  frequently  found  on  the  lower  branches  of  the  oaks  in  this 
country,  althouuh  containing  tannic  acid,  are  far  less  valuable  than  com- 
mcn'ial  nut-galls.  Then*  are  formed  by  the  Cynips  Kalian  of  (liraud.  The 
ac(»rrs  of  sonie  speries  of  QuervuSf  as  Q.  Bullotu,  Q.  Gramuntuty  Q. 
^sculus,  and  Q.  IIind!fii,  ore  edible ;  also  those  of  Q.  cornea,  in  China,  and 
of  Q.  vuapidatay  in  Japan. 

Natural  Order  228.  Myricace^. — The  Gale  or  Bog- 
Myrtle  Order. — Character. — Shrubs,  with  alternate  siinple 
resinous-dotted  leaves.  Flowers  unisexual,  amentaceous.  Mule 
^tiou'ers  achlamydeous  ;  stamois  deilnite.  Feinale  Jlowtrs  with  a 
1-celled  ovtinj^  and  1  erect  oxrule  ;  fruit  drupaceous  ;  seed  soli- 
tary, erect ;  iml/nfo  without  albumen  ;  radicle  superior. 

JHstrihution,  Examples,  and  Numbers. — Natives  of  the  tem- 
perate parts  of  Europe  and  North  America,  and  of  the  tropical 
regions  of  South  America,  India,  and  the  Cape  of  Gk)od  Hope. 
Ex/niiples  of  the  Genera  : — Myrica,  Comptonia.  There  are  about 
20  species. 

1  ropeiiies  and  Uses. — The  plants  of  this  order  are  chiefly  re- 
markable for  aromatic  and  astringent  proi)erties. 

Covtptnnia  aMplenifolia^  Sweet  Fern,  is  employed  in  the  United  States 
as  an  astringent  and  tonic  in  diarrhoea. 

Myriiu. — M.  cerifera,  the  %\  nxberry,  Candlebtjry,  or  Wax  Myrtle.    Th^ 
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bark  of  the  root  U  extensively  used  in  the  United  States  as  a  stimulant  as- 
tringent in  diarrhoea  and  dysentery.  The  fruits  when  boiled  yield  tlie  kind 
of  wax  known  as  Myrtle  VV^ax.  Other  species  of  Myrica  yield  a  somewhat 
similar  waxy  substance.  The  fruit  of  M.  sapida  is  eaten  in  Nepal.  Its 
bark  is  an  aromatic  stimulant,  and  is  employed  in  some  parts  of  India  as  a 
rubefacient  and  sternutatory. — 3/.  Nagi  is  cultivated  in  Japan  for  its  edible 
fruit,  which  is  eaten  both  raw  and  when  cooked. 

Natural  Order  229.  Casuarinace  jb.  —  The  Beef -wood 
Order. — Character. — Treesy  with  pendulous  jointed  striated 
branches,  without  evident  leaves.  Flotoers  in  bracteated  spikes 
or  heads,  unisexual.  MaU  flowers  with  2  sepals  united  at  their 
points,  and  2  alternating  bracts ;  1  stame^i,  and  a  2-celled 
anther.  Female  flowers  in  dense  spikes  or  heads,  naked,  but  each 
having  2  bracts ;  ovary  1-celled,  with  1 — 2  ascending  ovules^  and 
2  styles.  Fronts  winged,  indehiscent,  collected  together  into  a 
cone-shaped  body  under  the  thickened  bracts.  Seeds  without 
albumen  ;  radicle  superior. 

Distribution  and  Numbers. — These  plants  are  principally 
natives  of  Australia.  They  are  called  Beef -wood  trees  from  the 
colour  of  their  timber  somewhat  resembling  that  of  raw  beef.  In 
general  appearance  they  much  resemble  the  branched  Equiseta. 
Casuarina  is  the  only  genus  ;  it  contains  about  32  species. 

Properties  and  Uses. — The  species  of  Ca^iarina  yield  very 
hard  and  heavy  timber,  and  the  bark  of  some  is  said  to  be  tonic 
and  astringent 

Casuarina. — Several  species  produce  valuable  timber,  which  is  chiefly 
used  in  this  country  for  inlaying  and  marqucterie.  The  wood  is  known 
under  the  names  of  Beef-wood,  litany  Bay  Oak,  Forest  Oak,  He-Oak, 
She-Oak,  &c.  The  bark  of  C.  muricata  is  an  excellent  astringent,  and  is 
in  use  in  India. 

Natural  Order  230.  Betulace.b.  —  The  Birch  Order.  — 
Character. — Trees  or  shrubs.  Leaves  simple,  alternate,  with 
deciduous  stipules.  Flotoers  unisexual,  amentaceous,  with  no 
true  ccdyx,  but  in  its  place  small  scaly  braets,  which  in  some 
cases  are  arranged  in  a  whorled  manner.  Male  floioers  with  2 
or  3  st<imens  opposite  the  bracts.  Female  fl<ywers  with  a  2-celled 
ocarify  and  1  pendulous  omde  in  each  cell.  Fruit  dry,  indehiscent, 
1-celled,  l-seeded,  without  a  cupule.  Seed  pendulous,  exalbu- 
minous  ;  radicle  superior. 

Distribntiony  Examples^  and  Numbers. — They  are  principally 
natives  of  the  colder  regions  in  the  northern  hemisphere. 
Examples  of  the  Genera : — Betula,  Alnus.  Tliese  are  the  only 
genera  ;  there  are  about  70  species. 

Fntperties  and  Uses. — They  are  valuable  for  their  timber,  and 
for  their  astringent,  tonic,  and  febrifugal  barks. 

Alnu8. — A.  glutinoaa,  the  common  Alder. — Its  wood  is  valuable  for  the 
piles  of  bridges,  and  in  other  cases  where  entire  submersion  in  water  or 
OAmp  earth  is  required.    Its  bai*k  is  astringent,  and  has  been  used  in  medi- 
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cine,  and  for  tanninjr  and  dyeinjr.  The  leaven  and  catkins  have  similar 
])ropertie».  The  wjmkI  i»  also  employed  for  making  charcoal,  which  is  much 
valiie<l  for  the  nianufacfure  of  punpowder.  The  bark  of  A,  incana  is  used 
in  Knmtschatka  for  making  a  kind  of  hrend. 

Bi'tula. — B.  alita.  the  common  Birch,  yields  the  timber  known  as  Norway 
Birch.  The  wood  is  also  emph  yed  for  malking  charcoal.  The  bark  yields  a  kind 
of  oil,  which  gives  the  peculiar  o<lour  to  KuM^ian  leather.  The  sap  contains 
in  the  ^prinj^:  a  good  deal  of  sugar,  hence  it  is  then  used  in  the  f>reparation 
of  a  kind  of  wine ;  this  is  commonly  known  as  Birch  wine,  and  is  employed 
in  d<»mestic  practice  for  those  aflilicte<l  with  stone  or  gravel. — B.  nigrtt, 
the  Black  Birch  of  North  America,  is  also  valuable  for  its  timl)er.  Its  sap, 
like  that  of  B.  (J/hi  and  B.  fentcL,  yields  sugar  c»f  good  quality,  and  wine  may 
be  also  prepared  from  it. — B.  papyracea  has  a  thick  tough  bark,  which  is 
used  by  the  Indians  in  North  America  for  boats,  shoe-soles,  and  other  pur- 
i»<  scs.  The  bark  of  B.  BhaJapcUtra  is  employed  in  India  as  a  kind  of  paper. 
The  bfirk  of  B.  lenta,  known  m  the  United  States  as  Sweet  Birch  or  Cherry 
Birch,  yields  by  distillation  a  volatile  oil,  which  is  said  to  be  identical  with 
that  of  the  Gaultheria  procvmbtrs. 

Natural  Order  231.  Liqiidambarace^  or  Altinoiace^. — 
The  Licjuidambar  Order. — Character. — Balsamiferous  trees, 
with  simple  or  lobed  alternate  leaves,  and  deciduous  stipules. 
Flowers  unisexual,  involucrate,  amentaceous.  Mah  flmceis 
naked,  with  numerous  nearly  sessile  anthers.  Female  flowers 
with  a  2-celledot'ai-i/,  the  whole  flowers  collected  into  a  globular 
head  ;  ovules  numerous.  Fniit  a  cone-shaped  body,  composed 
of  2-celled  capsules  enclosed  in  hard  scales.  Seeds  winged, 
I)eltate,  albuminous  ;  eml/njo  inverted  ;  radicle  superior.  This 
order  is  now  frequently  included  in  the  Hamamelidacese. 

Distrilnition  and  Numbers,  —  Natives  of  North  America 
and  Asia.  The  only  genus  is  LiquicUtmlmr.  It  contains  4 
species. 

Properties  and  Uses, — Chiefly  remarkable  for  fragrant  bal- 
samic properties.     The  species  have  warm  bitter  barks. 

Liqiiidambar  (Altin^ia). — L.  orientalig  of  Miller,  yields  oifr  official  Liquid 
S  tot  ax.  (See  Styiax.j  This  plant  is  a  native  of  Asia  Minor.  The  storax 
is  obtained  from  the  inner  bark,  which  is  afterwards  used  by  the  Turks  for 
the  purpose  of  fumigation.  This  bark  is  the  Cortex  Thjfmianuxtia  or  Storax 
Bark  of  pharmacologists. — L.  atyraciflua,  a  native  of  the  United  States  and 
Central  America,  yields  by  incision,  or  from  natural  fissures,  a  balsamic  resin 
called  Swttt  Gum,  Liquidamlxir,  or  Capalm  Baham. — L.  Altingianay  a  native  cf 
the  Indian  Archipelago  and  Assam,  yields  a  similar  fragrant  balsam.  In 
their  effects  and  uses,  both  Liquid  Storax  and  Liquidambar  resemble  other 
balsamic  substances,  as  the  Bali^ams  of  Peru  and  Tolu,  Benzoin,  Ac— £f. 
formo»ana  of  Hance,  also  yields  a  resin,  which  is  fragrant  when  heated. 

Natural  Order  232.  Salicace^.— The  Willow  Order.— 
Character. — Trees  or  shrubs.  Leaves  simple,  alternate,  stipu- 
late. Flowers  unisexual  {fl^s.  1039  and  1040),  amentaceous 
(figs,  410  and  411),  naked,  or  with  a  membranous  or  cuplike 
c«/ifx.  Male  flowers  (fig,  1039)  with  1—30  distinct  or  monadel- 
phous  stamens.  Female  flowers  with  a  superior  (fig,  1040) 
1- celled  ov<iry,  and  numerous  erect  ovides.     Fruit  1-celled,  2- 
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Talved.     Seeds  numerous,  covered  with  long  silky  hairs  (fig. 

745),  exalbuminous  ;  embryo  erect,  with 
Fig,  1039.        Fio.  1040.    an  inferior  radicle. 

Distribihtuyn,  Examples,  and  Num- 
bers,— Chiefly  natives  of  cold  and  tempe- 
rate climates.  Examples  of  the  Otnera : — 
Salix,  Populus.  These  are  the  only 
genera  ;  there  are  about  250  species. 

Properties  and  Uses. — Many  species 
are  either  valuable  a.s  timber,  or  for  eco- 
nomic purposes.  The  bark  commonly 
possesses  tonic,  astringent,  and  febri- 
fugal properties.  The  hairs  which  in- 
vest the  seeds  have  been  employed  for 
_       stuffing  cushions,  and  for  other  purposes. 

Fig.  1039.  Male  flower  of  a    ^}'^    ^".^^    «^    ^C™®    ^^T^  ^^"^^^  ^"^ 

Bpecies  of  Willow  (Salix),    oleo-resinous  substance  of  a  stimulating 

with  two  atamcaa,  and  a  nature. 

Bingle  bract  at  the  b;V8e. 

Fig.  1040.  Female  flower  of  d       ?       t>     i  o  i  i     l         i. 

the  same  with  bract  at  the  Pnpu'us.  Poplar.— Scverfil  species  have  been 

base,  and  a  solitary  stalked  wsed  for  their  tiralwr.  The  bark  is  commonly 
ovary  and  stvle  surmounted  tonic,  aatrinjrent.  and  febrifu^I,  which  proper- 
by  two  stigmas.  ties  it  owes  to  the  presence  of  salicin. 

Salix. — Several  species  are  used  for  timber, 
ami  for  basket-work  ;  and  also  for  the  manufacture  of  charcoal.  The  timber 
is,  however,  wanting  in  strenj^h  and  'hirability.  A  peculiar  neutral 
principle,  a  fclucoside,  resembling  the  alkaloid  quinia  in  its  medicinal 
properties,  called  salicin,  has  been  obtained  from  the  bark,  leaves,  or  tlowers 
of  about  twenty  species  of  Stilix.  But  the  barks  of  S.  JRuggelliana,  S.  a'Ao, 
S.  Caoretij   S.  fragiiis.   S.  pentandra^  and  S.  purpureOy  yield  most  of  this 

Irinciple.  As  an  antiperiodic,  however,  salicin  is  far  inferior  to  quinia. 
/rttely,  however,  salicin  has  been  given  successfully  in  acute  rheumatism 
Saliciflic  acicL  which  may  be  obtained  from  willow  bark,  and  other  vej^e- 
table  substances,  but  is  now  commonly  prepared  from  carbolic  acid,  h»a 
recently,  together  with  its  salts,  but  more  e^i^eciaUy  salicylate  o/sotla^  been 
extensively  and  successfully  used  in  rheumatism.  '  Salicylic  acid  has  also 
been  employed  with  success  as  nn  antiseptic,  and  in  various  other  ways. 
The  decoction  of  willow  bark  has  likewise  been  foimd  beneficial  as  an  applica- 
tion to  foul  and  indolent  ulcers,  and  in  i)Soriasis  and  some  other  chronic 
skin  affections. 

The  three  succeeding  orders,  namely,  the  Balanophoracese, 
Cytinaceie,  and  Rafflesiacea;,  have  been  frequently  put  by  bota- 
.nists  in  a  class  by  themselves,  which  has  been  placed  between 
the  Cryptogamia  and  the  Phanerogamia,  and  to  which  the  name  of 
Rhizogens  or  RhizantheeB  has  been  usually  given.  The  special 
characteristics  of  the  plants  of  this  class  have  been  stated  to  be 
their  acotyledonous  embryo,  fungoid  texture,  and  peculiar 
parasitic  habit ;  but  as  one  or  more  of  such  characters  also  occur  in 
several  other  orders  of  the  Dicotyledones,  there  does  not  appear 
to  be  any  sufficiently  valid  reasons  for  separating  them  from  these 
plants.  By  Sir  Joseph  Hooker,  the  Balanophoracefe  have  been 
most  intimately  examined,  and  he  has  arrived  at  the  opinion 
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that  they  are  allied  to  the  Haluragacete  ;  but  other  botanists 
regard  the  Rafflesiacete  as  related  to  the  Aristolochiaceee. 
We  place  these  orders  here,  not  because  we  believe  them  to 
have  any  especial  relation  to  the  orders  just  treated  of,  but 
simply  that,  as  their  position  in  the  Natural  System  has  not 
been  definitively  determined,  they  may  be  well  described  at  the 
end  of  the  Angiospermous  Dicotyledons,  to  which  division  of 
the  Vegetable  Kingdom  they  evidently  belong. 

Natural  Order  233.  Balanophorace^.. — The  Balanophora 
Order. — Character. — Leafless  root-parasites  with  amorphous 
fungoid  stems  of  various  colours,  but  never  green  ;  and  under- 
ground more  or  less  fleshy  tubers  or  rhizomes.  Peduncles  naked 
or  scaly,  bearing  spikes  of  flowers,  which  are  commonly  unisexual, 
bracteated,  and  of  a  white  colour.  Male  floxcers  very  evident, 
each  with  a  tubular  calyx,  which  is  either  entire  or  3 — 51obed. 
.sYrtwerw  usually  3 — 5,  or  sometimes  1,  in  the  former  case  more  or 
less  united  or  distinct.  Female  flowers  minute,  witli  a  tubular 
superior  calyXf  the  limb  either  wanting  or  present  and  bilabiate. 
(hary  inferior,  usually  1-celled;  styles  2;  otule  solitary,  pen- 
dulous. Fruit  small,  more  or  less  compressed.  Seed  solitary, 
albuminous,  with  a  lateral  undivided  or  amorphous  embryo. 

Distribution,  Examples,  aiul  Numbers. — These  plants  are 
para.sitical  on  the  roots  of  various  Dicotyledonous  plants, 
especially  in  the  tropical  and  sub-tropical  mountains  of  Asia  and 
South  America.  Other  species  are  found  in  different  parts  of 
Africa,  Australia,  &c.  Examples  of  the  Genera : — Cynomorium, 
Langsdorffia,  Balanophora.  There  are,  according  to  Hooker, 
37  species. 

Properties  and  Uses. — Many  are  remarkable  for  their  astrin- 
gent properties  ;  others  are  edible,  as  Ombrojyhytum,  a  native  of 
Peru,  and  Lophopytum  of  Bolivia  ;  and  some  secrete  a  kind  of 
wax. 

Balanophora. — Tn  the  mountainous  districts  of  Java  the  natives  make 
candles  from  a  species  of  Balanophora,  as  follows :  -The  parasite  is  heated 
in  an  iron  pan,  after  which  bamboo  sticks  covered  with  cotton  are  dipped 
into  the  nieltfd  mass,  when  the  waxy  substance  of  the  plant  adheres  to 
them.  This  so-called  wax  is,  according  to  Dr.  de  Vrij,  a  mixture  of  at 
least  two  resins  and  a  vegetable  fat. 

Cynomorium  coccintum  is  the  Fundus  melUensis  of  pharmacologists.  It 
has  had  a  great  reputation  as  a  styptic. 

Langsdorffia  hypogo'a. — Dr.  Hooker  says  that '  tliis  species  yields  so  larji^e 
a  quantity  of  wax,  that  caudles  are  made  of  it  in  ^ew  Granada.'  The 
5tem8  are  also  said  to  be  collected  near  Bogota,  *  and  sold  under  the  name 
of  i>iejos,  and  used  as  candles  on  saints'  days.' 

Natural  Order  234.  Cytinace^..— The  Cistus-rape  Order. — 
Character. — Root-parasites  with  a  fungoid  texture.  Flowers 
perfect  or  unisexual,  and  either  solitary  and  sessile,  or  clustered 
at  the  top  of  a  scaly  stem.  Calyx  3— 6-partite.  Anthers  sessile, 
opening  longitudinally.     Otary.  1-celled,  inferior;  otules  very 
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numerous  ;  placentas  parietal.  Fniit  1-celled,  with  numerous 
seeds  imbedded  in  pulp.  Seeds  with  or  without  albumen  ;  embryo 
amorphous. 

IHstrihitioUy  Examples,  and  Nnnibers. — Parasitic  on  the 
roots  of  Cistus,  upon  fleshy  Euphurbiacete,  and  upon  other  suc- 
culent plants.  They  occur  in  the  South  of  Europe  and  Africa. 
Examples  of  the  Genera : — Cytinus,  Hydnora.  There  are  about 
7  species. 

Praperties  and  Uses. — Some  have  astringent  properties,  as 
Cytinus  Hypocistns.  A  kind  of  extract  is  made  from  this  plant 
in  the  South  of  Europe,  and  used,  under  the  name  of  Sucnis 
Hypocistidis,  in  diarrhcea,  and  for  arrestingr  hiemorrhage. — Hitfl- 
nora  a/Hcana  has  a  putrid-animal  odour,  but  when  roasted  it  is 
eaten  by  the  native  Africans  at  the  Cape  of  Good  Hope. 

Natural  Order  235.  Rafflesiace^. — The  Rafflesia  Order. — 
Character. — Stemless  and  leafless  parasites  (fig.  253)  with  a 
fungoid  texture.  These  plants  consist  solely  of  flowers  (fig.  253) 
sessile  upon  the  branches  of  trees,  and  surrounded  by  scaly 
bracts.  The  flowers  are  perfect  or  dioecious.  Calyx  5-partite 
(fig.  253),  tubular ;  the  throat  surrounded  by  a  number  of 
thickened  scaly  processes,  which  are  either  distinct  from  each 
other  or  united  into  a  ring.  Anthers  placed  upon  a  column 
which  adheres  to  the  calyx,  2-colled  ;  and  either  distinct,  and 
each  opening  by  a  pore,  or  united  into  a  many- celled  body,  and 
opening  by  a  common  pore.  Ovary  1-celled,  inferior  ;  ovides 
numerous  ;  placentas  parietal.  Fruit  indehiscent.  Seeds  very 
numerous,  with  or  without  albumen  ;  embryo  amorphous. 

Distrilmtiorij  Examples^  and  Numbers. — Pjirasitic  upon  the 
stems  of  Cissi  in  the  East  Indies,  and  on  Le^minous  plants  in 
South  America.  Fxximples  of  the  Gt  nera  : — Rafllesia,  Brugmansia. 
There  are  about  16  species. 

Properties  and  Uses.  —  Some  have  styptic  and  astringent  pro- 
perties. They  are  chiefly  remarkable  for  their  flowers,  some  of 
which  are  of  gigantic  size.     (See  page  127.) 


Artificial  Analysis  of  the  Natural  Orders  in  the  Suh-class 
MoNocBLAMYDKM  OT  IifcoiiPLBTjE, — Modified  from   Lindley, 

(The  Numbers  refer  to  the  Orders  as  previously  described.) 

1.    Achlamydeons    Flowers. 
A.  Leaves  stipulate. 
a.  Flowers  unisexual. 
Ovary  1-celled. 

Ovules  numerous,  comose     ....     Salicacem.    232. 
Ovules  1—2. 

Ovule  erect Myricacem.    228. 

Ovule  pendulous Pfaianacem,    212. 

Ovary  2  or  more  celled. 

Seeds  numerous,  winped       ....    LiqHidambaraetm.  281, 
Seeds  few,  not  winged EttphoririacuB,    216. 
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b.  Flowers  hermaphrodite. 

Carpel  solitary. 

Ovule  erect.     Embrvo  in  a  viteUvis      .        .     Piperatem,     IWJ. 

Ovule  suspended,     ^xahryo  nakefl        .        .     Chloranthactm.     189. 
Carpels  several. 

Ovule  erect.    Embryo  in  a  vitellus       .        .     Suururacem.     IDO. 

R.  Leaven  exstipulate. 
a.  Flowern  unisexual. 

Ovules  very  numerous Podogtemacete.    lOL 

Ovules  solitary,  or  very  few. 
Flowers  naked. 

Ovary  I-ceHed Myricareas.    228. 

Ovary -1 -celled    ....  Ckdlitrichacem.    216. 

Flowers  in  an  involucre. 

Anther-valves  recurved  .        .     Athero^rmacem.  199. 

Anther  valves  slit. 

Embryo  on  the  outside  of  the  albumen     MonimiacetB.     200. 
Embryo  enclosed  in  the  albumen        .     Euphorbiacem.    216. 

6.  Flowen  hermaphrodite. 

Embryo  in  a  vitellus Piperaeees.     188. 

Embryo  without  a  vitellus    ....     PodogUmacese.     191. 

2.  Monochlamydeous    Flowers. 

A;  Ovary  inferior,  or  partially  so.  * 

a.  Leaves  stipulate. 

1.  Flowers  her maphr(Klite        ....     AriUttlochiaceit,    221. 

2.  Flowers  unitiexual. 

Fruit  cupulate Corylacese.     227. 

Fruit  naked. 

Many-needed Btgonwcex.     20?. 

One-t^eeded Artocarpacese.     211. 

6.  Leaves  exstipulate, 

1.  Flowers  hermaphrodite. 

Ovary  3— <>  celled.    Ovules  nnmerous .  ,  Aristohchiacete.    221. 
Ovary  l-celled.    Ovules  definite. 

Ovulei^  with  a  naked  nucleus     .        .  .  Loranthacea.     221). 
Ovules  with  a  coated  nucleus. 

Calyx  valvate.    Einhryo  straif^ht .  .  Santalacete.    222. 

Calyx  imbricate.    Embryo  curved  .  Vhenopodiacete.     181. 

2.  Flowers  unisexual. 
Amentaceoan. 

Leaves  alternate        .....  MjfHcacue.    228. 
Leaves  opposite. 

Simple  leaves         ,        ,        .        ,        .  Garnfaeete.    225. 

Compound  leaves Jufflandatem.    226. 

Not  amentaceous. . 

Seeds  numerous,  parietal  ....  Dattscacete.    203. 

Seeds  solitary,  axile HelwingiacetE.    224, 

B.  Ovary  superior. 
a.  leaves  stipulate, 

1.  Flowers  hermaphrodite. 
a.  Carpel  solitary. 

Stipules  ochreate Po^ygouacem,     1 78. 

Stipules  distinct Peticeriacem,    186. 

X  X 
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b.  Carpels  more  than  one,  combined. 
Seeds  exalbuminous. 

Calyx  imbricate 

Calyx  indnplicate 

Seeds  albuminous. 

Styles  or  stigmas  1.     Leaves  usually 

dotted 

Styles  or  stigmas  2.    Leaves  not  dotted 

2.  Flowers  unisexual. 

a.  Carpel  solitary. 

Cells  of  anther  perpendicular  to  the  fila- 
ment      ....... 

Cells  of  anther  parallel  to  the  filament. 
Embryo  straight. 

Sap  watery.    Stipules  small.     Seeds 

albuminous 

Sap  milky.    Stipules  large.     Seeds 

exalbuminous 

Embryo  hooked. 

Sap  watery.    Seeds  without  albumen. 
Sap  milky.     Seeds  with  albumen 

b.  Carpels  more  than  one,  combined. 
Flowers  amentaceous. 

Seeds  arillate. 

Stamen  1 

Stamens  more  than  1 . 

Seeds  not  arillate 

Flowers  not  amentaceous  .... 

b.  Leaves  exstipulate. 
1.  Flowers  hermaphrodite. 

a.  Carpel  solitary. 
Anther-valves  recun^ed.    Lea^' 
Anther-valves  recurved.    Leafless    . 
Anthers  slit. 

Leaves  covered  with  scales    . 
Leaves  not  scaly. 
Calyx  long  or  tubular. 
Harden^  at  base   .... 
Tube  hardened        .... 
Not  hardened  in  any  part. 
Stamens  in  the  pi»ints  of  the  sepals 
Stamens  not  in  the  points  of  the 

sepals 

Calyx    short,    not    tubular    or   but 

slightlv  80. 
Flowers  in  involucels         , 
Flowers  not  in  involucels. 

Calyx  dry  and  coloured .        .        • 
Calyx  herbaceous  or  succulent. 
Stamens  hypogynous  or  nearly  so 
Stamens  perigynous    . 

b.  Carpels  more  than  one,  either  distinct  or 

combined. 
Carpels  distinct  .••••• 
Carpels  combined. 

Seeds  exalbuminous. 
Calyx  tubular. 


Uifnaeeae.     207. 
ChaiiUtiacew.    206. 


Samjfdaceae,    204« 
Uimacem.    207. 


Stiiaginacemf.    213. 

UrticactsB.     208. 

A  rtocarpetcete.     21 1. 

Cannabinacem.     209. 
Moracese.     210. 


lAXcistemacete.     205, 
Scepacete.     217. 
Betulaceae.     230. 
£uphorUiace«.    216. 


Lauracem.     197. 
Ccutythacese.     198. 

Elmagnacesp.     196. 


Nyctagifuicem,     179. 
ScleranthacesB.     183. 

Proteacetp,     195. 

Thymelacem.     192. 

Pofygonactm.    178. 

Amaranthacem,     180. 

Chenopodiacete.     181. 
BaneliacesB.     182. 

Phjftolaeeactm.    184. 
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Ovary  2-celled         ....     Agviiariacex.     193. 
Ovary  4-celled         ....     Penmaceee.     196. 
Calyx  tubular,  or  imperfect        .         ,     FtxinstemacetB.     19U 
Seeds  Hlbuniinuud  .....     Phytolaccacea,     184. 
2.  Flowers  uninexual. 

a.  Carpels  ^olitjiry,  or  quite  distinct. 
Calyx  tubular. 

Anthers  opening:  by  recurved  valves     .     Athemspermacete.  199. 
Anthers  opening  longitudinally     .        .     Mjfnatkncta.    201. 
Calyx  not  tubular. 

Seeds  exalbuminou9.    Embryo  straight. 

Leaves  verticillate  ....     Ceratophyllactm     214. 
No  evident  leaves  ....     Caauarinacem.    229. 
Seeds  albuminous. 

Embryo  curled  round  the  albumen     Chenopodincea.     181. 
Embryo  straight     ....    Monimiaceaa.     200. 

b.  Carpels  more  than  one,  combined. 
Ovules  indefinite. 

Leaves  with  pitchers     ....     Kepenihactm,    220. 
Ovules  definite. 

Fruit  fleshy.     Seeds  ascending      .        .     JCmpetracese.    218. 
Fruit  dry.     Seeds  suspended .        ,        .     Eupkorbiacete.     216 

Artificial  Analytis  of  the  likizoffens  of  Lindley, 

A.  Ovules  solitary Balanophoracew.     233. 

B.  Ovules  indefinite. 

Anthers  opening  by  slits Cytinacew.     234. 

Anthers  oi>ening  by  pores    ,        ,        .        .        •     RaffUaiaceaB,    235. 

Monochlamydeous  or  Achlamydeous  flowers  also  occasionally 
occur  in  plants  belonging  to  the  following  orders  of  the  Sub- 
classes Thalamiflorse,  Calyciflorre,  and  Corollifloraj. 

1.  Thalamiflone  : — Hannnculactx,  Meiiispeinnaceae,  Paparer^ 
aceiB,  Fl4xamrtiaceee,  Caryaphyllaax,  Sterculiacestj  Byttneriacex, 
Tiliacea^y  MalpighicLcesSj  Rut(icese,Xanthoxylace£eyAnd  Geraniaceee. 

2.  Calyciflone : — Celastracese^  Rhamnactsty  Anacardiacex, 
LeguminosaSf  Rosaceety  Lythracsst,  SaxifragdcesR,  Curuyniacese, 
Paronychiaceee,  MesemhryaceaR,  Passifloractse,  Myrtacese,  Onagra" 
cex,  Halorcufoceat,  ComhretaceiB^  Hamamelidacea:,  and  Araliacese. 

3.  Corolliflone  : — Oleaceai  and  Primulacex. 


Class  I.    DICOTYLEDONES. 

Division  II.   Gymnospebmia. 

Natural  Order  236.  Conifeile  or  Pinace^. — The  Coniferous 
or  Pine  Order. — C  haracter.  — Besinous  i/rees  or  evergreen  sknihsy 
with  branched  continuous  stems.  Leaves  linear,  needl*>Bhaped 
{fi^.  336)  or  lanceolate,  parallel- veined,  fascicled  (fi^.  283)  or 
imbricate,  i^oertf  naked,  mona3cious  or  dioecious.  Malejlowtrs 
arranged  in  deciduous  amenta.  StameiM  1  or  several,  in  the  latter 
case  monadelphouB  ;  aiUhers  2  or  many-celled,  opening  longitu- 
dinally.   Female  flotcei's  in  cones  (figs,  288,  415,  and  1041),  con* 

XX  2 


Bisting  of  flattened  imbricated  carpela  or  acsles  aruing  from  the 
axil  uf  roembntnous  bracts  ;  otvlet  naked,  2  (Jig.  721)  or  more, 
on  the  upper  surface  of  each  carpel.  Fmit  a  woody  cone  (Jit)t. 
288  and  1041)  or  a  ^biitua  {Jv/t.  TIG  and  717).     ike>U  naked 
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{Jiyi.  1042  and  1043),  with  a  hard  crustaceoiia  integument,  albu- 
niinons  ;  cotyUdtnu  2  or  many  (fig.  762). 

DivUimi  <if  the  Order  aiyii  ExampUt  of  the  Genera. — This  order 
has  been  subdivided  as  follows  : — 

Sub-order  1.   AMttett. — Ovulea   inverted,   with   the   tiiicropjle 
next  the  base  of  the  carpel  (/^.  721).    PoUenoval.     Examplet: 
— Pinus,  Abies,  Amucaria. 
Sub-order   2.    CuprMseff.— Ovules    erect.      Pollen    spheroidal 
Exampkt .' — Juniperus,  Cupressus,  Taiodiuni. 

Di'i/riimtion  aiui  JTiimbers.— The  plants  of  this  order  ocenr 
in  all  parts  of  the  world  ;  but  they  abound  most  in  temperate 
ciimat«R.     There  are  about  125  species. 

Pmperti'esand  Utea. — They  piissess  very  important  properties. 
Many  supply  valuable  timber,  and  most  of  tiie  species  contain 
an  oleo-resinoua  juice  or  turpentine,  which  is  composed  of  a 
volatile  oil  and  resin. 

^tiM.—SevernlBp«eie«  supply  valuable  limber,  as  Abia  (Pihhi)  rxrtlta. 
the  Norway  Spruce.  Abiri  (Finn)  alv,  (he  While  S\Taet,  A.  (Pimu) 
ronadcniii.  the  llmlock  Spnice,  A.  (Z'mu)  La rix.  or  Larix  »n);wa,  the 
Common  Larch,  &c. — Abut  or  Pima  artha,  the  Ptavt  Piaa  at  Do  Roi, 
yielda  hv  Dpontaneona  eXDdatioD  a  rcNnnus  ■ubalMK'e  wbich  ia  (be  oripnil 
(Aui  or  the  MatPrin  Medlca.  This  <vhen  melM  and  itrained  cnaiititutm  our 
uffidul  Burgundy  Pilch.  The  nffisial- Thus' is dedcribed  under  Pinupo/.^ 
Irit.  Good  paper  has  been  made  ft-om  the  wood  of  this  ppecio.  The  leaf-buil] 
■re  used  nn  the  Contiiicnl  in  the  preparation  oT  a  kind  of  beer,  whirti  is 
emploved  in  •corbntjc  and  rheumatic  cnmplainta. — Abia  or  Pi'ia  MmaiBt, 
the  Canadian  Balaam  or  Balm  of  Glli^d  Fir.  yictda  our  nfficUl  Canada 
Balsam. — iUa  or  Pitaa  canadmii,  Uie  llemJuck  9|inice  V'a,  yielda  an 


CONIFERiB   OR   PIN  ACE  JS.  677 

oleo-re^n  rewrnblinfi^  Canada  Balaam.  This  is  ufficial  in  the  United  States 
Phamiaco|)oeia,  and  is  commonly  known  as  Canada  Pitch. — Abies  or  finua 
Picea  of  Liuna'us.  the  Pinut  Abies  of  I>u  Koi,  the  Silver  Fir,  vields  Strasbur^ 
turpentine.  It-*  leaf-buds,  lii<e  tho-ie  of  A.  excelsa^  are  empfoye<l  in  the  pre- 
paration of  a  kind  of  beer,  which  is  used  for  similar  purposes. — Abies  {Pinus) 
niffra,  the  Black  Spruce  Fir. — The  younj;  branches  of  thw  when  boiled  in 
wnter,  and  the  s'>lution  afterwards  concentrated,  yield  Essence  of  Sprue*-, 
which  is  employed  in  the  preparation  of  Spruce  i^r. — A.  Jxirix  of  Lambert 
or  Pinug  iMriXf  the  Larix  euntjma  of  l)e  Candolle,  yields  Larch  or  Venice 
tur|>entine,  and  a  kind  of  Manna,  called  Inarch  Manna  or  Manna  de  Brian^oo. 
The  i)ark  is  sometimes  used  in  tanning.  This  bark,  de])rived  of  its  outer 
Isyer,  is  now  (»Hicial  in  the  British  Pharmacoixsia,  and  is  rei^arded  as  stimu- 
laiit,  astringent,  and  diuretic.  It  has  been  recommended  to  ch«ck  profuse 
exi>ectoration  in  chronic  bronchitis,  and  for  various  forms  of  internal  hsDmor- 
rhage. 

Araucaria. — A.  imbricata,  from  Chili,  and  A.  BidwiUn^  from  Moreton 
Bay,  have  edible  seeds.  Thonc  of  the  former  are  extensively  used  for  food 
l>y  the  natives  of  Chili  and  Patagonia.  It  is  said,  that  *  the  fruit  of  one 
large  tive  will  maintain  eighteen  persons  for  a  year.'  Both  species  also 
yield  h  rd  and  durable  timber. 

Cafiitris  (/uadrivaivisy  the  Arar  Tree,  yields  the  resin  called  Sandarach, 
Juni|>er  resin,  or  Gum  Juniper.  It  is  imported  from  Mogadore,  and  is  em- 
ployed in  the  pre|>aration  of  varnishes.  When  powdered  it  is  called /Mmncr. 
The  wood  of  this  tree  is  also  very  durable,  and  is  uaod  by  the  Turks  for  the 
floors  and  ceilings  of  their  nioscjues. 

Cedrus. — Cedrus  Libani^  the  Cedar  of  Lebanon,  and  C.  Deodant,  the 
Deodar,  are  most  valuable  timl>er  trees.  The  tur|>entine  ol)tained  from  the 
latter  is  ummI  in  India,  where  it  is  in  great  repute  in  skin  diseases  and  as  an 
s])l»lication  Xo  ulcers,  under  the  name  of  keian-ke-tel. 

Cvprrssujfy  the  Cypre.HS. — The  wood  of  some  species  is  ver^'  durable.  It 
is  supposetl  that  the  Gopher- wood  of  the  Bible  was  obtained  ^rom  8]iecie8  of 
Cup-egsun  and  other  allied  C-«>niferaB. 

iJummara. — Jj.  austraiis,  the  Kawrie  or  Cowdie  Pine  of  New  Zealand, 
produces  a  timber  which  is  much  valued  for  mailing  masts  and  spars.  A 
gum-resin  known  under  the  names  of  Australian  Copal,  Kawrie  Gum,  and 
Australian  Diininiar,  is  largely  iinjH^rted  into  this  country  ;  it  is  chictly  used 
in  the  i)rejiaration  of  varnisliei*. — D.  orientalvi  yields  a  8ome%vhat  similar 
gum-resin,  known  as  Indian  Dammar. 

Juuij)erus — •/.  ctmimMHis^  the  conmion  Juniper.  The  fruit  and  the  vola- 
tile oil  obtained  from  it  and  other  parts  of  this  plant,  have  stimulant  and 
diuretic  projierties.  The  oil  distilled  in  Britain  from  the  unri]>e  fiuit  is  ofti- 
cial  in  the  British  Pharniaco|)ocia.  Oil  of  Juni{)er  is  also  used  to  flavour 
English  gin  and  Hollands.  rur))entlne  is,  however,  commonly  employed 
for  the  former  on  account  of  its  comparative  cheapness.  Juniper  wood  bus 
a  reddish  coU)ur,  and  is  used  wcasionally  for  veneers. — J.  Oxycedrut, — In 
France,  a  tarry  oil,  called  Huile  de  Cadie,  is  obtained  by  dry  distillation 
from  the  wot>d  of  this  plant ;  it  is  principally  used  in  veterinary  medicine. 
The  wood  is  verj'  duraule. — J.  bermudiana  is  the  Red  or  l*encil  Cedar,  and 
J.  vlryiniana^  the  Virginian  Kcl  Cedar.  The  wood  of  these  is  employed  for 
Cedar-pencils  ;  that  of  the  former  is  considered  the  best.  The  tops  or  leaves 
of  y.  mrpiniana  are  official  in  the  United  States  Pharmaco]Mcia,  where  they 
are  used  for  similar  purposes,  and  in  like  preparations  to  savine,  but  they 
are  not  so  eA'ectual  m  their  operation. — J.  iSo^tna,  the  common  Sa\ine.-^ 
The  fresh  and  dried  tops  and  the  oil  obtained  from  the  former  are  official ; 
tliey  have  acrid,  stimulant,  diuretic,  and  emmenagogue  properties,  in  large 
doses  they  are  irritant  poisons,  and  have  been  frequently  taken  to  cause 
abortion.  When  locally  ajiplied  in  the  form  of  the  official  ointment,  as  a 
dressing  to  blisters  and  to  is:iues  and  setons,  they  keep  up  and  promote  the 
discharge. 
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JUnrers  in  cones,  consisting  of  scales,  from  the  under  surface  of 
which  1-celled  anthers  arise.  i^emaie/ou?er«  consisting  of  naked 
ovules  placed  on  the  margins  of  altered  leaves,  or  of  ovules 
arising  from  the  base  of  flat  scales  or  from  the  umier  surface  of 
peltate  ones.  Seeds  hard  or  succulent,  with  1  or  several  embryos 
contained  in  fleshy  or  mealy  albumen. 

IHstribiition,  EncampleSj  and  Numbers. — Natives  principally 
of  the  temperate  and  tropical  parts  of  America  and  Asia  ; 
and  occasionally  at  the  Cape  of  Good  Hope,  Madagascar,  and 
Australia.  Examples  of  the  Oeiiera :  —  Oycas,  Zamia.  There 
are  about  50  species. 

Properties  and  Uses. — The  stems  and  seeds  of  the  plants  of 
this  order  yield  mucilage  and  starch. 

Cycat. — From  the  8tem»  of  Cyctu  cirtinaHs  and  C.  revoinia  a  starch  mav 
be  obtained.  Of  this  a  kind  of  sago  is  prepared;  Ibat  from  C.  revohtta  is 
said  to  constitute  Japan  Sngo.  But  this  sago  is  not  an  article  of  European 
commerce,  all  the  sago  imported  into  Europe  being  derived  from  species  of 
Palms.  (See  Metroxylon  and  Saguerut.)  Japan  sago  and  other  Idnds  are 
esteemed  as  articles  of  food.    The  seeds  of  the  above  species  are  also  edible. 

Dion  eduie  has  large  mealy  seeds  from  which  the  Mexicans  prepare  a 
kind  of  arrowroot. 

Encephalartos. — Yarious  species  contain  starch,  and  form  what  is  called 
Caffre-bread. 

Zamia. — In  the  Bahamas  and  other  West  Indian  Islands,  excellent 
arrowroot  is  prepared  from  the  starch  obtained  fhmi  the  stems  of  Z.  integn- 
folia  and  other  s])ecies.  it  is  sold  in  the  West  India  markets,  but  is  not 
known  as  a  commercial  article  in  this  country  or  in  any  other  part  of  Europe. 
Florida  arrowroot  is  also  obtained  from  this  plant. 

Artificial  Anahjns  of  the  Xatvral  Orders  in  the  Dirision 

GrusosrERMiA. 

1 .  Stem  Jointed,  branched Gnetacae.     288. 

2.  Stem  not  jointed. 

Brnnclied.    Leaves  simple. 

Carpels  collected  in  cones     ....     Coniferee.    236. 

Seed  solitary,  usually  surrounded  by  a  suc- 
culent coat Taracete.     2S7. 

Not  branched,  or  dichotomous.     Leaves  pinnate     Cycadactte.     230. 

CL.4SS  II.    MONOCOTYLEDONES. 
Sub-class  I.     Petalmdese  or  Floridse. 

1.     Epigynie. 

Natural  Order  240.  Orchidace.^. — The  Orchis  Order. — 
Character. — Herbs  or  shiiibs,  terrestrial  {fufs.  266  and  257)  or 
epiphytical  (fig.  251).  Roots  fibrous  or  tuberculated  {figs.  25«> 
and  257)  ;  no  true  stem  or  a  pseudo-bulb  (Jig.  251).  Leaves 
entire  {Jig.  311),  generally  sheathing.  Flowers  irregular  {Jigs. 
541  and  1046),  solitary  or  numerous,  with  a  single  bract,  herma- 
phrodite.    Perianth  superior  (Jigs.  541  and  1046),  usually  peta- 
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loid  and  composed  of  aii  pieceg  {fig.  1047),  which  are  conimonlr 

arran^d  in  two  whorls  ;  the  outer  v-horl,  t,  tl,  d,  formed  of 
three  pieces  {»epala),  more  or  leu  united  below  or  distinct ; 
line,  »,  being  anterior,  or  when  the  ovary  is  twiiited  pos- 
terior (Jigs.  541  and  lOliS),  and  two,  st,  d,  lateral  ;  the  inner 
whmiifig.  1047,  pi,  ^,  Jm)  usual  If  consists  of  three  pieces  {petalt), 
(or  rarelf  of  but  ooe),  alternating  with  the  pieces  in  the  DUt«T 
whorl ;  one  (the  iabeUum  or  lip)  Qig.  1047,  pt)  posterior,  or  by 


the  twisting  of  the  ovary 


'.  1046),  I 


...     lallylonger 
larger  than  the  other  pieces,  and  altogether  different  to  them  in 
form  Iji'j.  104G),  often  spiured  {fig.  541) ;  sonietioies  the  labellum 


I.  pl.pl.  Tbew 

t  miierior  or  potterlfii  rtlTltlon  {laMivat 

twisting  of  the  avtTf  bccuDU" ""'"'" — '"'' 


exhibits  a  divbion  into  three  regions  of  which  the  lowest  is  then 
tcniied  the  hi/piichititim,  the  middle  the  maorhUUim,  and  the 
upper  the  einchuium.  Atutnxcium  united  to  the  style  (gynandroiu) 
(Juit.  541,  561,  and  1046)  and  forming  with  it  a  central  column 
(ifi/iioiileiniiim)  ;  the  eoliimn  usually  bearing  1  perfect  anther  and 
two  lateral  abortive  ones,  or  rarely  two  lateral  perfect  anthers  and 
one  abortive  anther  in  the  centre.  Pollen  powdery,  or  mure  or 
less  collected  into  grains  or  wsjty  or  mealy  mosses  (poUinia) 
{fig.  550,  p);  the  masses  free,  or  attached  by  their  stalk,  e 
(fjiudirle)  to  the  apex  (roiidhm)  of  the  stigma  (fig.  6ftl,  a), 
(hanj  inferior,  1-oeiled,  with  3  parietal  placentas  (Jigi.  617  and 
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1047)  bearing  a  number  of  anairopoiis  ovules ;  style  united 
with  the  androecium  and  forming  with  it  a  column  or  gyno- 
gtemium  (figs.  541  and  1046) ;  stigma  a  viscid  space  in  front  of 
the  column  (fi>g.  561).  Fmit  usually  capsular,  3-valved  (Jig, 
1048),  the  valves  bear  the  placentas  in  their  middle,  and  sepa- 
rating when  the  fruit  is  ripe  from  the  central  parts  or  midribs  of  the 
component  carpels,  which  are  left  as  an  open  framework;  or 
rarely  fleshy  and  indehiscent.  Seeds  very  minute  and  nume- 
rous, with  a  loose  netted  (fig.  1049)  or  rarely  hard  crustaceous 
testa,  exalbuminous  ;  embryo  a  fleshy  solid  mass. 

Diagnosis. — This  order  is  known  by  its  irregular  flowers  ;  by 
the  peculiar  form  which  the  labellum  in  many  cases  assumes, 
so  as  to  cause  the  flower  to  resemble  some  insect,  reptile,  bird, 
or  other  living  object ;  by  its  gynandrous  stamens  ;  by  its 
frequently  more  or  less  coherent  pollen  ;  and  by  its  l-celled 
inferior  ovary  with  three  parietal  placentas. 

Distribution^  Examples,  and  Numbers. — They  are  more  or  less 
abundantly  distributed  in  nearly  every  region  of  the  globe, 
except  in  those  which  have  a  very  cold  or  dry  climate.  Some 
species  are  terrestrial  and  occur  chiefly  in  temperate  regions ; 
others  are  epiphytical  and  are  confined  to  hot  climates.  Mxam- 
pies  of  the  Genera : — Malaxis,  Dendrobium,  Oncidium,  Stan- 
hopea,  Orchis,  Cypripedium.  The  order  contains  about  3,000 
species. 

Properties  and  Uses. — These  plants,  which  present  so  much 
interest  from  the  singularity,  beauty,  and  fragrance  of  their 
flowers,  are  of  little  importance  in  an  economic  or  medicinal 
point  of  view.  Some  are  aromatic  and  fragrant,  and  are  used 
as  flavouring  agents,  several  possess  nutritious  roots,  and  a  few 
are  antispasmodic  and  aphrodisiac. 

Angraecum  fragrarvL — The  dried  leaves  of  this  fragrant  species  *re  used  as 
a  kind  of  tea  in  the  Mauritius  ;  it  is  commonly  known  as  Faham  or  Bourhcm 
tea.  It  has  been  introduced  into  London  and  Paris,  but  is  not  much 
esteemed.  This  tea  should  be  prepared  by  boiling,  and  is  recommended  to 
be  taken  with  milk  and  rum.  It  is  said  to  produce  a  soothing  effect,  but 
without  causing  sleeplessness. 

Cypripedium  pubescent. — ^The  root  is  official  in  the  United  States  Phar- 
macopoeia. It  is  regarded  as  an  antispasmodic,  and  is  employed  for  similar 
purpc^es  as  valerian,  but  is  less  powerful.  In  the  Chicago  t'harmacLitt  for 
1874,  it  is  stated  that  C.  piibescens  and  C.  spectabiie  posse^ss  powerful 
poisonous  ])ropcrties,  the  effects  produced  resembling  the  poisoning  from 
Jihus  Toxicodendron  and  i?.  venenata.  From  the  rhizome  and  rootlets  oi  C. 
pubeacens,  and  probably  also  of  C.  mectabile  and  C.  kumilej  the  eclectic 
remedy  termed  cypripedin  i<*  obtained.  This  is  regarded  as  a  grifntle  ner- 
vous stimulant^  and  useful  in  epilepsy,  chorea,  and  other  nervous  diBeaaes. 

Eulophia  vera  and  E.  cam}>estrig. — The  tubercules  of  this  species  are 
used  in  some  parts  of  India  in  the  preparation  of  the  nutritious  substance 
known  by  the  names  of  Salep,  Salop,  and  Saloop,  which  is  there  very 
highly  esteemed.    (See  Orc/iw.) 

Orchis. — The  dried  tubercules  of  several  species,  ss  thoae  q€  O.  maaemk^ 
O.  latifolin^  O.  Morio,  and  others,  form  European  or  Indigenous  S«lep ;  that 
prepared  from  O.  mascula  is  said  to  be  the  best.    Salep  containa  basmrbi  and 
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a  little  starchy  and  possesses  similar  profierties  to  those  of  other  amyla- 
ceous Kubstaiices.     (See  Eulnphia.) 

SobrcUia. — The  fruit  of  a  species  of  Sobraliei^  a  native  of  Panama,  is  said 
to  yield  n  kind  of  Vanilla  which  is  called  chica. 

Vanilla  planifoliuj  V.  arotnatira,  V.  puianensiSy  V.palnuxrum,  V.pomponOj 
and  other  sjiecies,  are  remarkable  for  their  fragrant  odoriferous  fruits,  which 
constitute  the  Vanilla  or  Vantlle  of  the  shops.  Vanilla  is  extensively  used 
in  flavoorinff  chocolate,  and  nlso  in  confectioner}'  and  perfumery.  It  has 
been  also  employed  on  the  Continent  as  a  medicinal  agent,  in  hysteria,  &c. 
It  is  also  rejrarded  ns  an  aphrodisiac.  The  fruits  of  V.  planifolia  and 
V.  aromaiica  are  commonly  regarded  as  the  most  fragrant.  (See  also 
Sobralia.) 

Natural  Order  241.  Apostasiace.*:. — The  Apostasia  Order. 
— Character.  —  Herbs,  with  regular  hermaphrodite  flowers. 
PerUuith  superior,  regular,  with  (>  divisions.  Stamens  2  or  3, 
united  by  their  tilaiuents  with  the  lower  part  of  the  style  into  a 
column  ;  (i/t//ier.*  sessile  upt>n  the  column,  2  or  3.  Ovary  inferior, 
3-celled,  with  axile  placentation  ;  ovules  numerous  ;  styk  united 
below  with  the  tilaments  into  a  cohiuiii,  but  prolonged  above  into 
a  liliform  process.  Caps\de  3-celled,  3-valved.  Seeds  very 
numerous. 

Di^rib\d'um,  Examples,  atulNumhers. — Nativesof  damp  woods 
in  tropical  India.  E,r<imples  of  the.  Genera : — Apostasia,  Neu- 
wiedia.  There  are  about  5  species.  Tlieir  properties  are  alto- 
gether unknown. 

Natural  Order  242.  Burmanniace^.  —  The  Burmannia 
Order.  Character.  — Herbaceous  pl<intsy  without  true  leaves,  or 
with  tufted  radical  ones.  FUrimrs  hermaphrodite,  regular.  Fe- 
rlanth  tubular,  regular,  superior,  usually  with  6  divisions.  Sta- 
mens distinct,  inserted  into  the  tube  of  the  calyx,  either  3  with 
introrse  anthers,  and  opposite  the  inner  segments  of  the  perianth, 
or  G  with  extrorse  anthers.  Ovary  inferior,  1-celled  with  3 
parietal  placentas,  or  3-celled  with  axile  placentas ;  style  1 ; 
stiymas  3.  Capsule  1 — 3-celled.  Seeds  numerous,  very  minute  ; 
embryo  solid. 

Distribution y  Examples,  and  Numbers. — They  are  principally 
found  in  the  tropical  parts  of  Asia,  Africa,  and.  America. 
Examples  of  the  Genera : — Burmannia,  Thismia.  According  to 
Miers,  there  are  38  species.  Their  properties  are  unimportant, 
but  some  are  reputed  to  be  bitter  and  astringent. 

Natural  Order  243.  Zingibbraceje. — The  Ginger  Order. — 
Character. — Aromatic  herbs,  with  a  creeping  rhizome, 
and  broad  simple  stalked  sheathing  leaves,  with  parallel 
curved  veins  springing  from  the  midrib.  Fhivers  arranged  in  a 
spiked  or  racemose  manner,  and  arising  from  among  spathaceous 
membranous  bracts.  Ferianth  superior,  irregular,  arranged  in  3 
whorls,  each  whorl  consisting  of  3  pieces.  Stamens  3,  distinct, 
the  2  lateral  abortive,  and  the  posterior  one  perfect ;  anther  2- 
celled ;  fU<t/ment  not  petaloid.  Ocary  inferior,  3-celled ;  placenta^i 
axile;  style  filiform.  Fndt  1  — 3-celled,  capsular  or  baccate. 
Seeds  numerous,  albuminous ;  embryo  enclosed  in  a  vitelluB. 
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Didrihutiortf  Examples^  and  Numbers, — Chiefly  natives  of 
tropical  regions.  Examples  of  the  Geiiera : — ^Zingiber^  Carcumay 
Elettaria.     There  are  about  250  species. 

Properties  and  Uses. — They  are  principally  remarkable  for  the 
stimulant  aromatic  properties  possessed  by  their  rhixomes  and 
seeds,  owing  to  the  presence  of  resin  and  volatile  oil ;  hence 
several  are  used  as  condiments,  and  in  medicine  as  aromatic 
stimulants  and  stomachics.  Some  contain  starch  in  large  quan- 
tities, which  when  extracted  is  employed  for  food. 

Afpinia. — The  root  or  rhizome  known  as  the  greater  or  Java  Ga/angal 
root  is  derived  from  A.  Galanga  Willd.,  a  native  of  Java.  The  letmr  or 
Chinese  Gnlangal  has  been  traced  by  Hance  to  a  new  species,'  which 
he  has  termed  A.  officinarum.  The  lesser  Galangal  is  now  the  only  kind 
known  in  European  commerce.  It  is  largely  im[)orted  but  not  used  in 
this  country'.  It  is  principally  consumed  in  Hussia,  where  it  is  employed 
foi  flavouring  the  liqueur  called  nastoika,  and  vinegar  ;  and  also  as  a  cattle 
medicine,  n  spice,  and  as  a  popular  medicine.  The  Tartars  use  it  to  pre- 
pare a  kind  of  tea. — The  source  of  the  light  Galangal  of  Guit>ourt  is  alto- 
gether unknown.  The  Galangals  have  similar  properties  to  Ginger.  The 
ovoid  China  Cardamum  is  the  fruit  of  A.  alba  \  its  seeds  are  used  as  a  ccmdi- 
mcnt  in  China. 

Amomum. — Several  species  of  this  genus  have  aromatic  and  stimnlant 
seeds,  which  are  used  as  spices  and  medicinal  agents  in  various  parts  of 
the  world.  The  only  species  which  is  emploved  in  tliis  country  is  the  A, 
meiegueta,  which  yields  the  Grains  of  Paradise  of  the  f»hops.  It  is  a  native 
of  the  Western  Coast  of  Africa.  These  seeds  are  much  employed  in  Africa 
as  a  spice.  The  commun  notion  that  they  are  very  injurious  is  erroneous. 
They  are  principally  employed  in  this  country  in  veterinary  medicine,  and 
fur  giving  pungency  to  beer,  wine,  spirits,  and  vinegar. — A.  Cardamomum 
yields  tlie  fruit  known  as  the  round  Cardamom.  The  fruits  of  A.  maximum 
constitute  Java  Cardamoms;  those  of  A.  Korarima  Korarima  Cardamoms; 
and  those  of  A.  globusum  the  large  round  and  the  smcdl  round  China  Carda- 
moms. The  latter  are  much  employed  in  Chma.  Many  other  species  have 
similar  pro|)erties. 

Curcuma. — C.  longa. — The  dried  tubers  or  rhizomes  of  this  plant  consti- 
tute the  turmeric  of  the  shops.  Turmeric  is  used  as  a  condiment,  as  a  test, 
and  for  dyeing  yellow.  It  is  largely  employed  in  India,  China,  and  other 
parts  of  the  East.  It  forms  an  ingredient  in  Curry  Powder,  &c.  Unsized 
white  paper  steeped  in  Tincture  of  Turmeric,  wlien  dri«-d,  is  employed  as  a 
test  to  detect  free  alkalies,  which  change  its  colour  from  yellow  to  reddish- 
brown. — C.  angustiftUia :  the  rhizomes  contain  a  large  quantity  of  starch, 
which,  when  extracted,  forms  East  Indian  Arrowroot  or  Curcuma  Starch. 
This  kind  of  arrowroot  may  be  also  obtained  from  other  species  of  Curcuma, 
as  C.  leucorrhiza,  C.  rubescens,  &c.  In  its  effects  and  uses  it  resembles 
West  Indian  Arrowroot  or  Maranta  Starch  (see  Manmta);  but  it  is  not 
so  pure  a  starch. — C.  aromatica  yields  the  Hound  Zeitoary  of  pharma* 
cologtsts.—  C  Zedoaria  is  supuosed  to  yield  the  8o<called  Cassumunar  roots, 
the  Long  Zedoary,  and  the  Zerumbet  roots  of  commerce ;  they  all  possess 
aromatic  and  tonic  properties.  Professor  Archer  believes  that  Zerumbet 
and  Cassumunar  are  derived  from  C.  Zerumbet.    (See  Zingiber.) 

Elettaria. — E.  Cardamormtmy  a  native  of  Malabar,  yields  the  capsules 
which  constitute  the  small  or  Malabar  Cardamoms,  the  seeds  of  which  are 
othcial  in  the  British  Pharmacopoeia,  and  are  in  common  use  in  medidue  in 
this  country  on  account  of  their  cordial  and  stimulating  properties,  and  abu 
as  flavouring  agents.  In  the  East  Indies  they  are  extensively  used  as  a 
condiment  and  tor  chewing  with  betel.    In  parts  of  the  Continent,  as  Russia, 
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Germany,  &c.,  they  are  also  much  useil  for  flavourinpf,  and  in  the  pre- 
paration of  liqueurs,  &c. — E.  mujor  yiehU  Ceylon  Cardamoms  which  are 
much  employed  on  the  Continent ;  their  uses  and  etfecta  are  aimilar,  but 
they  are  of  lc?w  value  than  the  former. 

ZimgWer. — Z.  officinale,  the  (fin;ier  Plant. — The  8o-calIed  Ginper-root  or 
Ginjrer  of  the  shops  is  the  rhizome  of  this  species.  The  rhizomen  when  very 
youHK*  or  the  younjr  shoota  of  the  o!d  rhizomea,  are  use<i  for  prei>ervin>2:.  and 
form  in  this  state  Preserved  (Jinjier.  The  Gin^r  of  the  shops  is  found  in 
two  states,  one  beinjr  calle<l  whitr  gingrr  or  unctxited  tfingtr^  and  the  other, 
black  (finper  or  coated  ginger.  The  former  is  prepared  from  the  rhizomes  of 
al>out  a  year  old,  which  when  dug  up  are  waahed,  acrafi«d,  and  dried  :  thiii 
kind  is  generally  preferred.  The  latter  is  prepared  from  the  rhizomes  in  a 
somewhat  similar  manner,  but  not  submitted  to  the  scraping  process.  The 
essential  distinction  l)etween  the  two  consists,  therefore,  in  White  Ginger 
having  its  integument  removed,  while  in  Black  Ginger  it  remains  (►n  the 
surface  as  a  shrivelled  meml)rane.  Ginger  is  extensivelv  used  as  a  condi- 
ment, and  the  uncoated  kind  is  also  official,  and  usea  in  medicine  as  a 
htimulant  and  stomachic  internally,  and  externally  as  a  ruliefaeient, — Z. 
Cauumunar  is  supposed  by  s<mie  to  be  the  plant  from  which  Cauumunar 
root  is  obtained.     (See  Curcuma.) 

Natural  Order  244.  Marantace.e. — The  Maranta  or  Arrow- 
root Order. — Character.  —Herbaceous planus j  without  aromatic 
properties.  They  have  a  close  resemblance  to  the  Zingiberaceae. 
Their  distinctive  characters  are,  in  their  more  irregular  perianth  ; 
in  one  of  the  lateral  stamens  being  fertile,  and  the  other  two 
Htamens  abortive  ;  in  the  fertile  stamen  having  a  petaloid  fila- 
ment, an  entire  or  2-lobed  anther,  one  lobe  of  which  is  sterile, 
and  the  anther  therefore  1-celled  ;  in  the  style  being  petaloid 
or  swollen  ;  and  in  the  embryo  not  being  enclosed  in  a  vit«llus. 

Distrihytu/Hj  Examyles^  and  Nvmhers. — Exclusively  natives 
of  tropical  regions.  Example*  of  the  Oenera : — Maranta,  Canna. 
There  are  about  1()0  species. 

Propeii'ks  and  Uses. — The  rhizomes  of  some  species  contain 
starch,  which  when  extracted  is  extensively  used  for  food. 

Canna. — One  or  more  species  of  this  genus  yield  '  Tons  lea  mois,'  a  very 
pure  and  useful  starch,  although  little  u?ed  in  this  country  or  elsewhere. 
The  exact  species  of  Canna  from  which  this  starch  is  obtained  is  not 
]>08itively  known  ;  it  is  said  to  be  C.  eduligy  but  it  is  Just  as  probable  to  be 
derived  also  from  C.  glanca  and  C.  Achinu.  C.  lutea  is  stated  in  the  *  Bom- 
bay Flora'  to  yield  *Tou8  les  mois.'  C.  indica  and  C.  di»co/or  also  yield  a 
similar  starch.— C.tW/ca. — The  seeds  are  commmily  known  under  the  name 
of  Indian  Shot,  from  their  black  colour  and  hardness.  These  seeds  and 
those  of  other  species  are  made  use  of  as  beads.  The  rhizomes  or  tubers  of 
some  species  are  eaten  as  a  vegetable ;  they  contain  much  starch,  which,  as 
already  stated,  resembles  *  Tons  les  mois.'' 

Maranta. — M.  arundinncea. — The  rhizomes  or  tnl)ers  of  this  plant  con- 
tain a  large  quantity  of  starch,  which,  when  extracted,  constitutes  We«t 
Indinn  Arrowro«>t,  one  of  the  purest  and  best  known  of  the  amylaceous 
substances  u«ed  as  food.  As  this  arrowroot  is  now  obtained  from  the  M. 
arundinncea,  which  is  cultivated  for  that  purpose  in  several  other  parts  of 
the  world  besides  the  West  Indies,  it  is  best  distinguished  as  maranta 
Starch.  It  forms  a  very  firm  jelly,  and  is  perhaps  the  most  palatable  and 
digestible  starch  known.  The  best  arrowroot  is  the  Bennuda  '  ' 
is  becoming  more  scarce  every  year.    The  name  arrowroot  is 
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to  have  been  derived  fVom  the  fact  of  the  bruised  rhizomes  of  this  plant 
having  been  employed  by  the  native  Indians  as  an  application  to  the 
poisoned  wounds  inflicted  by  arrows.  Others  give,  however,  diflferent  deri- 
vations  for  this  name.  Thus  T.  Greenish  believes  that  it  is  derived  from 
the  Indian  word  *ara-ruta,'  a  term  signifying  *  mealy  root.*  The  name  of 
arrowroot  is  now  given  to  various  other  starches  which  are  used  as  food  in 
this  country  and  elsewhere. 

» 

Natural  Order  245.  MnsACE^E. — The  Banana  or  Plantain 
Order. — Character. — Herbaceous  plants,  often  of  large  size. 
Leaves  large,  with  parallel  curved  veins  springing  from  the 
midribs  {fig.  313),  and  long  sheathing  petioles,  which  together 
form  by  their  union  a  spurious  aerial  stem.  Flovoers  irregular, 
spathaceous.  Perianth  irregular,  6-partite,  petaloid,  superior, 
arranged  in  2  whorls.  Stamens  6,  inserted  upon  the  divisions 
of  the  perianth,  some  abortive  ;  anthers  2-celled.  Ovary  inferior, 
3-celled.  Fruit  capsular,  dehiscing  loculicidally,  or  succulent  and 
indehiscent,  3-celled.  Seeds  usually  numerous,  rarely  3,  with 
mealy  albumen  ;  embryo  not  enclosed  in  a  vitellus. 

Distribution,  Examples,  and  Numbers. — Generally  diffused 
throughout  tropical  and  sub-tropical  regions.  Examples  of  the 
Genera : — Musa,  Ravenala.     There  are  about  20  species. 

Properties  and  Uses. — The  fruits  of  some  species  and  varieties 
form  important  articles  of  food  in  tropical  regions.  Others 
yield  valuable  textile  materials  ;  and  the  large  leaves  of  many 
are  used  for  various  purposes,  such  as  a  kind  of  cloth,  thatch- 
ing for  cottages,  &c.  The  seeds  and  fruits  of  others  are  used  as 
dyeing  agents  in  some  countries. 

Musa. — The  fruits  of  some  species,  as  those  of  31.  paradisiaccL,  the  Plan- 
tain, and  M.  sapientum,  the  Banann.  of  both  of  which  there  are  several 
varieties,  are  well  known  as  important  articles  of  food  in  many  tropical 
rejrions.  They  owe  their  value  in  this  respect  chiefly  to  the  presence  of 
starch  and  sugar,  but  they  also  contain  some  nitrogenous  substances.  Dr. 
Shier  states  that  a  new  Plantain-walk  will  yield  17  cwt.  of  starch  per  acre. 
According  to  Humboldt,  the  produce  of  Bananas  to  that  of  Wheat  is  as  13i{ 
to  1,  and  to  that  of  Potatoes  as  44  to  1.  Some  of  the  finer  varieties  sre 
also  used  as  dessert  fruits  in  this  country  and  elsewhere.  The  expressed 
juice  is  in  some  parts  made  into  a  fermented  liquor.  The  fibrous  materials 
obtained  from  the  spurious  stems  and  flower-stalks  of  the  different  species 
of  Musa  mav  be  used  for  textile  fabrics  and  in  paper-making.  The 
fibres  fn)m  Musa  textUia  constitute  the  Manilla  Hemp  of  commerce.  From 
the  finer  fibres  of  this  plant  the  celebrated  Indian  muslins  are  manufactured. 
The  young  shoots  of  the  Banana  and  other  species  of  Musa  when  boiled  are 
eaten  as  a  vegetable  ;  and  the  large  leaves  are  used  for  various  domestic 
purposes.  The  young  leaves  of  the  Banana  and  Plantain  are  also  in  common 
use  in  India  for  dressing  bliHtered  surfaces. 

Ravenala  speciosa  has  been  called  the  Water-tree  and  Traveller's-tree 
on  account  of  its  large  sheathing  petioles  storing  up  water.  Its  seeds  are 
edible. 

Natural  Order  246.  IridacbjE.— The  Iris  or  Corn-Flag 
Order. — Character. — Herbs,  usually  with  bulbs,  oorms 
{figs.   240    and    241),   or  rhizomes  {fig.   229).      Leaves   with 


parallel  straight  Ten&tion,  generally  equitant.  Flowtrt  spatha- 
ceou*  (jiff.  1050),  regular  (fig.  1051)  or  irregular.  Fentuilh 
Hiiperior  (fig.  1053),  petaloid,  6-partite  {fig.  1051),  in  2  whorU 
(fig.  1050).  Stameia  3,  inserted  on  tlie  outer  segments  of  tlie 
perianth  {fig.  1061)  ;  niii^wr*  2-celled,  extrorse.    Utarn  inferior, 


{fig.  1053),  3-celled  {fig.  1050)  ;  styU  1  {fig».  1051  and  1062); 
kigmaa  3,  often  petatoid  {figs.  638  and  1062).  Fniit  capaulu', 
3-ceIled,  3-valTed,  with  loculicidaJ  dehiscence  {fi^.  705).  Utedt 
numerous,  with  homjr  or  hard  albumen  {fig.  1064).  i^ 


68S  IBIDACE^ 

IHagnods. — Herbs.  Leaves  with  parallel  straigbt  yeinsi 
Perianth  petaluid,  superior,  6-partite,  in  2  whorls.  Stamens  3; 
anthers  extrorse.  Ovary  3-celled,  inferior.  Fruit  capsular, 
with  loculicidal  dehiscence,  3-celled.  Seeda  numerous,  albu- 
minous. 

DistrihUumy  Examples^  and  Numbers, — Chiefly  natives  of 
temperate  and  warm  climates.  They  are  found  in  variousparts 
of  the  globe,  but  are  most  abundant  at  the  Cape  of  Qood  Hope. 
Examples  of  the  Geriera : — Iris,  Gladiolus,  Crocus.  There  are 
about  560  species. 

Properties  a'nd  Uses. — The  rhizomes  of  several  species  possess 
acrid  properties,  which  causes  them  to  be  purgative,  emetic,  &c. 
Some  are  poisonous,  and  a  few  have  fragrant  rhizomes.  Others 
are  employed  as  colouring  agents,  and  some  are  commonly  re- 
garded as  antispasmodic,  carminative,  &c.  Many  contain  starch 
in  large  quantities,  but  as  this  is  usually  combined  with 
acridity,  they  are  not  generally  available  for  food,  although 
some  are  stated  to  be  thus  employed  in  Africa. 

Crocus  sativus,  the  SaflFron  Crocus. — This  plant  is  the  Karemn  of  the 
Bible.  The  dried  stijrmas  with  the  end  of  the  style  (/ig.  1052)  constitute 
Hay  Saffron,  or  when  pressed  together  into  a  n'lass',  they  form  Cake  Saffron. 
The  latter,  however,  is  not  now  found  in  the  shops  in  Uiis  country  ;  the 
sub^tnnce  sold  under  that  name  being  the  compressed  florets  of  darthamtts 
tinctnrius  (see  Carthamus).  Saffron  contains  a  c(douring  principle  called 
polychroite.  Saffron  is  also  said  to  be  obtained  in  (ireece  of  good  quality  from 
C.  Seilerium  ;  and  the  dried  stigmas  of  other  species,  as  C.  aureus,  C.  odortat, 
C.  luteus,  C.  vernus,  &c.,  are  likewise  employed  to  some  extent  for  the  pre- 
paration of  saffron  in  other  parts  of  the  Continent,  &c.  Saffron  is  much 
in  request  as  a  flavouring  agent  on  the  Continent  and  in  the  East.  It  was 
also  formerly  much  used  in  this  country  for  a  similar  purpose,  but  at  pre- 
sent is  but  little  employed  in  this  way  except  in  Cornwall.  It  is  ofllicial 
in  the  British  Pharmacopoeia,  and  is  principally  used  as  a  colouring  agent 
in  this  country,  but  also  to  some  extent  in  certain  nervous  affections,  ami 
as  an  emmf>n>igo{;ue.  Bird-fanciers  also  use  it,  as  they  believe  it  assists  the 
moulting  of  birds. 

7m,  Flower  de  Luce. — The  rhizomes  of  several  species  are  more  or  less 
purgative  an<l  emetic.  The  so-called  Orris-root  of  the  shops  is  in  reality  the 
dried  8cra|>ed  rhizomes  of  1.  florentina,  I.  pallida,  and  /.  permaniea.  These 
rhizomes  pos-sess  a  violet  odour,  and  are  principally  used  in  perfumer>%  and 
also  for  imparting  a  pleasant  odour  to  the  breath';  and  bv  the  French,  es- 
pecially, for  making  issue-peas.  The  roasted  seeds  of  /.  Paeud-acorus,  the 
Yellow  Flag  of  this  country,  have  been  recommended  as  a  substitute 
for  coffee,  but  they  are  altogether  wanting  in  the  important  properties 
which  render  that  subrftance  so  valuable  for  the  preparation  of  an  nn- 
fermented  beverage.  The  rhizome  of  1.  verncohr^  Blue  Flag,  is  official  in 
the  United  States  Pharmacopoeia,  as  also  that  of  /,  Jlorentina.  Both  are 
regarded  as  purgative,  emetic,  and  diuretic.  The  oleo-re-in,  termed  i>- 
idin  or  irisin  by  the  Eclectics  in  the  United  States,  is  obtained  from  these 
rhizomes. 

Mnrxa  (ffomeria). — Some  species  of  this  genus,  piore  especially  that  of 
M.  collmay  and  of  other  Iridaceous  plants  known  under  t^  name  of  *  Tulp ' 
at  the  Cape,  have  poisonous  properties,  and  have  been  the  canse  of  fatal  re- 
fflilts  to  cattle  which  have  chanced  to  eat  it.  Talp  is  also  poiaooous  to  humao 
beings. 
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Natural  Order  247.  AMARYLLiDACBiE. — The  Amaryllis 
Order.  — Bulbous  or  fibrous-rooied  plants,  without  any  aerial  stem, 
or  sometimes  with  a  woody  one.  Leaves  with  parallel  straight 
venation,  linear-ensifomi.  Floioers  usually  on  scapes,  and 
spathaceous  (fig.  397).  PeHanth  regular  or  nearly  so  (figs,  397 
and  1055),  petaloid,  superior  (fig.  1067),  with  six  divisions,  and 
with  (figtf.  497  and  105(5,  n)  or  without  a  corona  (fig.  1057). 
Stamens  0,  inserted  on  the  segments  of  the  perianth  (figs.  1056 
and  1057) ;  anthers  introrse.  Ovary  inferior  (fi>g.  1057),  3-oelled 
(fig.  1055).  Fmit  capsular,  3-celled,  3-valved,  with  loculicidal 
dehiscence,  and  numerous  seeds  ;   or  a  berry  with  1 — 3  seeds. 


Fio.  1055. 


Fig.  1056. 


Fig.  1065.  Diagram  of  the  flower  of  the  Spring  Snowfloke  {Leucojum  ver- 
num).  with  six  divisions  to  the  perianth  arranged  in  two  whorls,  six 

stamens,  and  a  8-celled  ovary  with  axlle  plaoentation. Fiff.  1056.  The 

perianth  of  the  Daffodil  {Sarcisw*  P$eudo-narcutm)  cut  open  in  a  ver- 
tical manner,  t.  Tnbe  bearing  six  itamens.  I,  Limb  of  the  perianth, 
n.  Corona. 


Fig.  10.57. 


Fig.  1068. 


Fig.  1057.  Vertical  lactioa 
of  the  flower  of  the  -Spring 
gnowflake  {Levcoyum  ver- 
nwn). Fig.  1058.  Ver- 
tical section  of  the  seed  of 
the  same. 

Seed.^  with  fleshv  or  homy  albumen ;  embryo  with  the  radicle 
next  the  hilum  {fijg.  1068). 

Distribution^  Examples,  and  Numbers, — Natives  of  many 
parts  of  the  world,  but,  like  the  Iridacece,  most  abundant  at  the 
Cape  of  Good  Hope.  Examples  of  the  Genera  :'-Gai&nthxiB, 
Amaryllis,  Narcissus,  Agave.     There  are  above  400  spedes. 
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Properties  and  Uses. — Several  plants  of  this  order  possess 
poisonous  qualities.  This  property  is  especially  evident  in 
Hsemanthtis  toxicarius,  the  juice  of  which  is  used  by  the  Hotten- 
tots to  poison  their  arrow-heads.  Some  yield  excellent  fibres. 
The  juice  of  a  few  species  is  saccharine,  and  is  employed  in  the 
preparation  of  fermented  liquors.  Starch  may  be  obtained  from 
some  species  of  Alstrodmeria,  Medicinally,  several  have  been 
used  as  emetics  and  purgatives. 

Agave  americana,  tae  American  Aloe,  Maf^i^y,  or  Hundred-years'  plant. 
The  latter  name  was  given  under  the  erroneous  idea  that  this  species  of 
Agave  lived  a  hundred  years  before  flowering.  From  the  leaves  of  this  and 
other  species  the  useful  fibre  known  as  Aloe  Fibre,  Pita  or  Pit^  Hemp,  is 
obtained.  It  is  employed  for  textile  fabrics  and  for  paper-making.  The 
juice  of  the  leaves  of  Agave  americana  and  other  species  lust  before  flowering 
contains  much  sugar  and  mucilage,  and  when  fermented  yields  a  vinous  add 
beverage  called  Puloue,  which  is  highly  esteemed  by  the  Mexicans.  It  has 
an  odour  something  like  putrid  meat.  A  very  intoxicating  spirit  or  brandy 
may  be  also  obtained  from  piiique.  To  this  spirit  the  name  of  mextcal  or  aguar- 
diente de  maguey  has  been  given.  The  tmfermented  juice  is  called  Aguamid 
or  honey-water.  It  is  regarded  as  useful  for  the  prevention  of  scurvy.  Its 
roots  are  reputed  to  possess  alterative  and  diuretic  properties.  The  leaves 
from  the  heart  of  A,  Utahense  and  other  species  of  Agave  are  cooked  by  the 
Pah-Utes,  and  form  a  very  nourishing  and  palatable  /bod. 

Ahtrameria  pallida  and  some  other  species  have  succulent  roots  contain- 
ing much  starch,  which,  when  extracted,  is  used  as  a  kind  of  arrowroot  in 
certain  parts  of  South  America. 

Crinum  asiaticunu  var.  toxicarium  of  Herbert. — ^The  fresh  root  (or  more 
properly  bulb  J  is  official  in  the  Pharmacopoeia  of  India.  It  possesses  emetic 
and  diaphoretic  properties,  and  its  therapeutic  uses  are  analogous  to  those 
of  Squill.  The  dried  root  has  similar  qualities,  but  it  is  not  so  powerful  in 
its  action. 

Narcissus  Pseudo-narcissus. — From  the  bulbs  of  this  plant  A.  W.  Gerrard 
has  obtained  a  crystalline  neutral  principle  and  an  amorphous  alkaloid,  which 
he  has  name^i  psendo-narcissia.  This  alkaloid  was  found  to  produce  profuse 
salivation,  vomiting,  and  slight  diarrhoea,  when  given  hypodermically  to 
warm-blooded  animals. 

Natural  Order  248.  Hypoxidace^. — The  Hypoxis  Order. — 
Diagnosis. — This  is  a  small  order  of  herbaceous  plants,  closely 
allied  to  the  Amaryllidacea3,  but  distinguished  by  their  habit ; 
their  dry  harsh  leaves  ;  by  the  outer  divisions  of  their  perianth 
being  of  coarser  texture  than  the  inner  ;  by  their  seeds  being 
commonly  carunculate ;  and  by  the  radicle  of  their  embryo  being 
remote  from  the  hilum.  The  latter  character  is  of  the  most  im- 
portance. 

DigtriJyiition,  Examples,  and  Numbers. — They  are  scattered 
over  various  warm  parts  of  the  globe.  Examples  of  ihe  Genera  : 
— Forbesia,  Hypoxis.     There  are  about  60  species. 

Properties  and  Uses. — They  are  reputed  to  be  bitter  and 
aromatic.  The  roots  of  Cnrculigo  oixhioides  are  used  in  Travancore 
by  the  native  doctors  in  gonorrhoea,  menorrhagia,  and  other 
affections.     The  fleshy  roots  of  some  species  are  eaten. 

Natural  Order  249.  H.£M0D0RAC£^. — The  Blood-Root 
Order.^Character. — Herbs  or  rarely  shr^ibs,   with    fibrous 
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roots.  Leaves  usually  equitant,  ensiform.  Perianth  superior, 
tubular,  6-partite,  regular,  the  divisions  usually  scurfy  or 
woolly  on  theii*  outside.  Stamens  3  or  6,  when  3  they  are 
ox)posite  the  inner  segments  of  the  perianth  ;  anthers  introrse. 
Ovary  inferior,  3-celled,  or  sometimes  1-celled.  Fi^iit  dehiscent 
or  indehiscent,  covered  by  the  withered  perianth.  Seeds  few  or 
numerous,  with  cartilaginous  albumen,  and  radicle  remote  from 
the  hilum. 

Distrilmtionj  Evramples,  and  Numbers. — Natives  of  America, 
the  Cape  of  Good  Hope,  and  Australia.  Examples  of  the  Genera : 
— Hwmodorum,  Vellozia.     There  are  about  50  species. 

Properties  and  U^ses. — The  roots  of  some  species  are  used  as 
dyeing  agents  in  North  America,  others  are  edible,  and  a  few  are 
bitter  and  astringent. 

AktrU  farinosa  is  remarkable  for  its  bitterness.  It  is  reputed  to  possess 
tonic  and  stomachic  properties. 

Ummodorum. — The  roots  of  several  species,  as  those  of  //.  panimiatum 
and  H.  xpicatum,  when  roasted,  are  eaten  by  tho  natives  in  some  parts  of 
Australia.    The  roots  contiiin  a  red  colouring  matter. 

Lachnanthes  tinctoria  has  a  blood-red  root  which  is  used  for  dyeing  in 
North  America, 

Natural  Order  250.  Taccace^.— The  Tacca  Order.  Cha- 
racter. —  Perennial  herbs  with  fleshy  roots.  Leaves  with 
parallel  veins,  radical,  stalked.  Perianth  tubular,  regular,  6- 
partite,  superior.  Stamens  6,  inserted  into  the  base  of  the  divi- 
sions of  the  perianth,  with  petaloid  filaments  hooded  at  the 
apex  ;  anthers  2--celled,  placed  in  the  concavity  below  the  apex 
of  the  filaments.  Ovary  inferior,  1-celled,  with  3  parietal  pla- 
centas projecting  more  or  less  into  the  interior  ;  styles  3,  FnUt 
baccate.     Seeds  numerous,  with  fleshy  albumen. 

LHstrlbutiaUy  Examples^  and  Numbers. — Natives  of  mountain- 
ous regions  in  India,  the  Malayan  Archipelago,  the  Philippines, 
Australia,  Polynesia,  Madagascar,  and  Guiana.  According  to 
Hance,  there  are  three  genera,  Tacca,  A  taccia,  and  Schizocapsa, 
which  contain  twelve  or  more  species. 

Properties  and  Uses. — The  roots  are  bitter  and  acrid,  but 
when  cultivated  they  become  larger,  and  lose  in  some  degreo 
their  acridity  and  bitterness,  and  contain  much  starch,  which 
when  separated  is  used  for  food. 

Tacca. — The  roots  of  T.  nceanica  yield  the  starch  known  as  Tacca 
Starch,  Tahiti  Arrowroot,  or  Otaheite  Salep.  It  may  be  employed  as  a  sub- 
.stitute  for  Maranta  Starch.  Cakes  made  from  this  starch  are  eaten  by  the 
natives  of  Otaheite  and  the  other  Society  Islands,  where  this  plant  is  com' 
monly  cultivated. — T.  pinnatifida  is  by  some  considered  to  be  identical  with 
thu  former  species.  Like  it,  the  roots  contain  starch,  which  is  used  asiood  by 
the  inhabitants  of  China,  Cochin  China,  Travancore,  &c. 

Natural  Order  251.  Bromeuace.^. — The  Pine- Apple  or 
Bromelia  Order.  Character. — Herbs  or  someMchat  woody  plaiUs^ 
commonly  epiphytical.     Leaves  persistent,  crowded,  channi 
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rigid,  sheathing  at  the  base,  and  frequently  scurfy  and  with  spiny 
margins.  Floioers  showy.  Perianth  superior,  or  nearly  or 
quite  inferior,  arranged  in  two  whorls,  the  outer  of  which  has 
its  parts  commonly  united  into  a  tube  ;  and  the  inner  has  its 
parts  distinct,  imbricate,  and  of  a  different  colour  to  those  of 
the  outer  whorl.  Stamens  6  ;  anthers  introrse.  Ovary  3-celled ; 
style  1.  Fruit  (Jig.  287)  capsular  or  indehiscent,  3-celled. 
Seeds  numerous  ;  embryo  minute,  at  the  base  of  mealy  fdhumen, 
with  the  radicle  next  the  hilum. 

Distribution,  Examples,  and  Numbers, — They  are  mostly 
found  in  the  tropical  regions  of  America,  West  Africa,  and  the 
East  Indies.  They  appear  to  have  been  originally  natives  of 
America  and  the  adjoining  islands,  but  are  now  naturalised  in 
West  Africa  and  the  East  Indies.  Examples  of  the  Oenera: — 
Ananassa,  Bromelia,  Tillandsia.     There  are  about  180  species. 

Properties  and  Uses. — They  are  chiefly  important  for  yielding 
edible  fruits  and  useful  fibrous  materials.  Some  are  anthelmin- 
tic, and  others  contain  colouring  matters. 

Ananasm  »ativaj  the  Pine-apple. — The  fruit  of  thia  species  is  the  well- 
known  and  delicious  fruit,  called  the  Pine-apple.  A  lar^re  number  of  these 
fruit«  are  now  imported  into  Britain,  chiefly  from  the  Bahama  Islands,  but 
in  flavour  thev  are  very  inferior  to  tho^e  produced  by  cultivntion  in 
this  country.  I'he  unripe  fruit  possesses  anthelmintic  properties.  The  fibre 
obtained  from  the  leaves  of  this  species,  as  well  as  that  from  one  or  more 
Fpecies  of  Bromelia  and  Tillandsia,  is  known  under  the  name  of  Pine-apj^ 
jfihre,  and  has  been  used  for  various  textile  fabrics,  and  for  the  manufac- 
ture of  paper,  cordnpe,  Ac. 

Billbergia  tincUtria. — In  Brazil  a  yellow  colouring  agent  is  obtained  from 
the  roots  of  this  plant. 

Bromelia  Pinguin  possesses  vermifuge  properties.  Its  leaves  yield  useful 
fibres.  The  fibres  of  B.  sylvestris  under  the  name  of  Jxtlefibre'or  Mexican 
Grass  are  used  for  brush-making,  ropes,  and  textile  fabrics,  und  would  pix>- 
bablv  form  a  good  paper  material. 

Tillandsia  usneotdes  is  commonly  called  Tree-beard  or  Old  Man's  Beard, 
from  the  fact  of  its  f«)rming  a  mass*  of  dark-coloured  fibres,  which  hang  from 
the  trees  in  South  America,  like  certain  of  the  Lichens  in  cold  climates. 
This  article  has  been  imported  under  the  name  of  Spanish  Moss,  and  em- 
ployed for  stufling  cushions,  &c.,  mixed  with  horsehair.  It  has  been  also 
used  for  stuflSng  birds,  for  packing,  and  for  paper-making.  About  10,000 
bales  are  annually  shipped  from  Kew  Orleans. 

The  following  five  orders,  namely,  DioscoreacesB,  Smilacese, 
Trilliaceee,  Roxburghiacese,  and  Philesiaceee,  were  included  by 
Lindley  in  a  class  by  themselves  which  he  termed  the  Dic- 
tyogenfie ;  and  in  previous  editions  of  this  Manual  they  have 
constituted  the  sub-class  Dictyogensd  of  the  Monocotyledones. 
But  in  their  essential  characters  they  approach  so  dosely  to 
the  LiHacese,  except  that  the  Dioscoreaceee  have  an  inferior 
ovary,  that  we  have  now  placed  them  hei*e  in  accordance  with 
the  views  of  most  botanists.  All  the  plants  of  these  orders 
have,  however,  more  or  less  netted- veuied  leaves,  and  hence 
the  name  Dictyogensd  which  was  applied  to  the  clasB  and  sub- 
class in  which  they  were  tormerly  grouped. 
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Natural  Order  262.  DioscoBEACEiE. — The  Yam  Order. — 
Character. — Shrubs,  with  twining  stems  rising  from  tuberous 
root-stocks  or  tubers,  placed  above  or  under  the  ground.  Leaves 
net- veined,  stalked.  Flowers  unisexual,  dioecious,  small,  brae- 
teated.  Male  flower : — Perianth  6-cleft.  Stamens  6,  inserted  at 
the  base  of  the  perianth.  Female  fl^rwer : — Perianth  superior, 
6- partite.  Stamens  sometimes  present,  but  very  short  and  abor- 
tive. Ovary  inferior,  3-celled  ;  styles  3,  distinct,  or  1,  and  then 
deeply  triiid ;  amiles  1—2  in  each  cell,  suspended.  Fniit  de- 
hiscent and  compressed,  or  fleshy,  1 — 3-celled.  Seeds  albu- 
minous ;  emhinjo  small,  in  a  cavity  in  the  albumen. 

DistrilyutioHy  Examples,  and  Numbers.  —  Chiefly  tropical 
plants.  Tamus  communis  is,  however,  found  in  Britain  and  other 
temperate  regions.  Examples  of  the  Genera: — Tamus,  Dioscorea. 
There  are  above  160  species. 

Propertieji  and  Uses.— The  plants  generally  contain  an  acrid 
principle.  The  tuberous  root-stocks  of  many  species  of  Dioscorea 
are,  however,  when  boiled,  used  for  food  in  tropical  countries. 

Dioscorea. — The  tul>erou8  root-stocks  of  several  species,  as  those  of  7>. 
alata,  I).  MtivcL^  and  I),  aculeate^  when  boiled,  are  eaten  in  tropical  countries, 
as  potatoes  are  in  Euro|>e.  The  Chinese  Yam  (Z>.  BaUUcu)  is  now  cultivated 
in  this  country-,  and  wlien  properly  boiled  is  esteemed  by  many  as  an  escu- 
lent. Some  }*jx'ciesof  Dioscorea  are  verj'  acrid  even  when  boiled,  and  cannot 
therefore  be  used  tor  food.  The  rhizome  of  D.  viUosa^  the  Wild  Yam  of  the 
United  States,  is  regarded  as  a  valuable  remedy  in  Virginia  in  rheumatism, 
and  is  hence  commonly  known  as  *  rheumatism  root.'  It  has  also  been  recom- 
mended in  bilious  colic. 

Tamus. — T.  communis.  Common  Black  Bryony,  has  a  large  fleshy  root 
which  when  fresh  possesses  considerable  acridiry.  It  is  sometimes  used  as 
a  topical  application  to  bruised  parts  to  remove  the  marks.  Taken  inter- 
nally, it  acts  as  a  diuretic,  and  aiso,  it  is  said,  as  an  emetic  and  cathartic. 
The  young  shoots  of  this  species  and  those  of  T.  creiicoy  when  thoroughly 
boiled,  so  that  their  acridity  is  destroyed,  have  been  eaten  like  asparagufi. 

Tesludinaria  elephantipes^a.  native  of  the  Cape  of  Good  Hope,  has  a  very 
peculiar  tuberous  stem,  hence  it  has  been  called  Elephant's  Foot  or  the  Tor- 
toise plant ;  the  inner  part  of  this  stem  is  very  meaJy,  and  is  used  for  food 
by  the  Uottentots. 

2.    Hypogynie. 

Natural  Order  253.  Smilace^e. — The  Sarsaparilla  Order. — 
Characte  r. — Herbs  or  shrubs,  more  or  less  climbing  (Jig.  1069). 
Leaves  petiolate  (flg.  1069),  net-veined,  articulated.  FUrwers 
regular,  unisexual  and  dicecitnis,  or  hermaphrodite.  Perianth 
interior,  G-partite,  with  all  its  divisions  alike.  Stamens  6,  peri- 
gynous  or  rarely  hypogynous  ;  anthers  introrse.  Ovary  superior, 
ii-celled  ;  stigmas  3.  Fruit  baccate  (Jig.  1069),  few  or  many- 
seeded.     Seeds  with  a  minute  embryo,  albuminous. 

LHstriimtion,  Examples,  and  Numbers. — The  species  of  this 
order  are  scattered  over  various  parts  of  the  world,  both  in 
tropical  and  temperate  climates  ;  they  are,  however,  most 
abundant  in  tropical  America.    Examples  of  the  (xenera : — Smilaz, 


TRILLIACEX. 


Bipogonum.  There  are  probably  about  120  species,  "but  some  . 
botanists  make  the  number  considerably  more. 

PropeiiUs  and   IJtea. — The   planto   of  this   order   generally 
posaeas  alterative  properties. 


id  trnlC,  ot  Smiia 


Hipngoimm  parcifinnii 
SmUilt.)    It  ia  a  native  of  New  Zesli 

SmUoj:, — The  rootn  of  several  species 
the  Sttnnpsrilla  of  the  materis  medics,  w 
in  our  opinion  justly  so,  as  a  va[unble  o1 
ployed  ill  Byphilis  various  eutnneous  <li.wt 

affecUoD'.  Several  kinds  of  SarsapRrilla  are  HDowii.  oi-niiicu  ine  mon  es- 
teemed i«  that  called  Jamaica  Snniapsrilln,  although  it  is  nol  the  proHu<^ 
of  that  island,  but  of  Central  America.  It  is  obtained  from  S.  njici*alit. 
This  hind  is  alone  official  in  the  Brilinh  Phnrmacnpnia,  Other  kinds  of 
SaraapHrllla  distinKuished  in  commerce,  are  Mexican  or  Lean  Vera  Crui, 
from  8,  mttUDu;  Lislwn.  Para,  or  Braiilian.  from  S,  papt/racta,  md  pro- 
bably also  from  S.  offieitu^ii ;  Gualema'a.  from  S.paj^racra;  Hoiiduru, 
from,  I  believe,  5.  fmpynicia  ;  and  Uuavaquil,  Stom  an  unknown  species. 
Several  other  sr**!**  "f  Smibix  are  also  in  use  in  different  parts  of  tha 
world,  as  S.atpa-ain  the  South  of  Europe,  where  its  roola  are  termed  Italian 
"  ■■■        "      '  '     ,   8.  Iantif"lia,   8.  ocalifolia,  and    5.  nrolifira  in 

Australia.  £.  Matabucha  in  the  Philippines,  and 
1^  &C.—S.  China  is  oommonly  regarded  ae  tha 
neof  the  China  root  of  the  materia  medic*  i  but  others  refer  it  to  S.ftrvx 
of  Wnllich.     Several  spurious  China  roots  ate  in  use  in  America ;  their 

Natural  Order  254.  Tbilliace*.— The  Trillium  or  Paris 
Order. —  Character.  —  Unbranohed  herbs,  with  rhizoiuen 
or  tuberoiia  root-stocks.  Leavfs  whorlsd,  not  articulated, 
net- veined.  Ftoiven  largo,  terminal,  solitary,  hermaphro- 
dite. Ptrianth  inferior,  with  C — 8  parts,  arranged  in  2  rows  ; 
the  parts  being  all  alike,  or  those  forming  the  inner  row  much 
larger  and  coloured.  Stamens  6—10,  with  linear  apicilar 
ataheri.      Ovary  auperior,  3— 6-oeUed,  with  a  carrespondiiig 
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number  of  styles  and  stigmas ;  placentas  axile.  Fruit  suc- 
culent, 3— 5-celled.  Seeds  numerous,  albuminous;  embryo 
minute. 

Distrlhutioiiy  Examples,  and  Numbers. — Natives  of  the  tem- 
perate parts  of  Europe,  Asia,  and  America.  Examples  of  the 
Oenera : — Paris,  Trillium.     There  are  about  30  species. 

Frpperiies  and  Uses. — The  plants  of  this  order  are  reputed  to 
be  narcotic,  acrid,  emetic,  or  purgative,  but  none  are  employed 
in  regular  practice. 

Trillium, — The  root  of  Trillium  erecium  (pendulum),  under  the  name  of 
Beth -root,  h  in  use  in  the  United  States,  and  is  regarded  aa  astringent, 
tonic,  and  antiseptic.     It  is  especially  used  in  menorrhagia. 

Natural  Order  255.  RoxBtrROHiACE^. — The  Roxburghia 
Order.  — Character.  — Twining  shrubs  with  tuberous  roots. 
Lences  net- veined,  leathery,  broad.  Flowers  large  and  showy, 
solitary,  hermaphrodite.  Perianth  inferior,  with  4  petaloid 
divisions.  Stamens  4,  hypogynous  ;  anthers  introrse,  apicilar. 
Omiry  superior,  1-celled,  with  a  basal  placenta  ;  digma  sessile. 
Fmiit  2-valved,  1-celled.  Seeds  numerous,  in  2  stalked  clusters, 
anatropous  ;  embryo  in  the  axis  of  fleshy  sdbumen. 

Distribution,  Examples,  Numbers,  and  Properties. — They  are 
natives  of  the  hotter  parts  of  the  East  Indies.  There  is  but 
one  genus,  Roxburghia,  which  includes  4  species.  Their  proper- 
ties are  unimportant. 

Natiual  Order  256.  PniLEsiACBiE. — The  Philesia  Order. — 
I>iatjnosis,  die. — The  plants  of  this  order  are  closely  allied  to  the 
RoxbiirghiaceBB,  from  which,  however,  they  are  readily  distin- 
guished by  their  hexamerous  perianth  and  andrcecium,  perigy- 
nous  stamens,  parietal  placentation,  long  style,  and  semi-anatro- 
pous  ovules.  They  are  natives  of  Chili.  There  are  2  genera, — 
Philesia  and  Lapageria,  and  2  species.  In  their  properties  they 
are  said  to  resemble  Sarsaparilla.     (See  Smilax.) 

Natural  Order  257.  Liliace-*:.— The  Lily  Order. — Cha- 
racter.— Herbs  {fig.  239),  shrubs  (fig.  404),  or  trees  (fig.  193), 
with  bulbs  (figs.  235-238),  rhizomes  (fi>g.  230),  or  tuberous  or 
tibrous  roots.  iSf em  simple  or  branched  (^gf.  193).  Leaves  with. 
parallel  veins,  sessile  or  sheathing'.  Flowers  regular  (fi>gs.  27, 
424,  and  1000).  Perianth  green  or  petaloid,  inferior  (figs.  27 
and  1003),  6-leaved  (figs.  27  and  1060)  or  6-partite  (fig.  1061). 
Stamens  6  (fi>gs.  27,  518,  and  1060),  inserted  on  the  perianth  (fig. 
1063)  or  rarely  on  the  thalamus  ;  anthers  introrse  (figs.  518  and 
1063).  Ovary  superior  (figs.  27,  518,  and  1063),  3-celled  (figs. 
1060  and  1064)  ;  style  1  (figs.  27  and  1063) ;  stigma  srniple  (^. 
27)  or  3-lobed  (fig.  641).  .  Fruit  a  loculicidal  capsule,  or  succu- 
lent and  indehiscent,  3-celled.  Seeds  with  fleshy  albumen  {fig. 
1065),  numerous. 

Dimjnosis. — Leaves  with  parallel  straight  veins,  or  succulent. 
Flowers  regular.  Perianth  inferior,  6-leaved  or  6-partite. 
Stamens  6  ;  anthers  introrse.     Ovary  superior,  3-celled ; 


1,  undivided.     Fruit  indehiscent  or  a  loculicidal  capsule.    Seed* 
numeronn,  album  inoua. 

IHatribnlwn,  Examplfi,  and  N«mheri. — Thej  are  widely  djt- 
tribiit«d  throughout  the  temperate,  warm,  ana  tropical  regions 
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of  the  globe.  Example)  nf  the  Genera  : — Tulipa,  Lilium,  Aloe, 
Scilla,  Hyacintlius,  Asparagus.  There  are  about  1,200  species. 
Propcrtifi  and  (/(eo.— The  plants  of  this  order  frequently 
pouess  important  properties,  but  there  is  no  great  unifor- 
mity in  tliem.  Some  are  purgative  ;  others  emetic,  diuretic, 
diaphoretic,  stimulant,  acrid,  &e.  Several  yield  aatringent 
■ubstancen,  and  many  produce  valuable  fibrea.      The  bullw, 
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young  shoots,  root«,  and  seeds  of  others  are  highly  esteemed, 
and  largely  consumed  as  articles  of  food  and  condiments. 

Allium. — The  bulbs  of  several  species  of  this  genus  are  well  known 
dictetical  articles,  and  are  extensively  used  as  condiments  under  the  names 
of  Onion,  Gnrlic,  Leek,  &c.  Garlic  and  Onion  are  also  sometimes  employed 
in  medicine  ;  thus,  externally  applied,  they  are  rubefacient,  &c.,  and  inter- 
nally administered,  they  are  stimulant,  expectorant,  diuretic,  and  somewhat 
anthelmintic.  Garlic  i's  still  official  in  the  United  States  Pharmacopoeia. 
All  the  s])ecies  3-ield  an  acrid  volatile  oil,  containing  sulphur  as  one  of  its 
injjredients.  Some  species  when  cultivated  in  warm  dry  regions  lose  much 
of  their  acridity  and  powerful  taste,  as  the  Portugal,  Spanish,  and  E^ptian 
Onions. — A.  sativum  is  the  Common  Garlic ;  A.  Cepa^  the  Onion ;  A.  Forrum^ 
the  Leek  ;  A.  Schcenoprasum^  the  Chive  ;  A.  Scorodnpratum^  the  Rocam- 
bole ;  A.  fucalonicum,  the  Shallot. 

Aloe. — The  species  of  this  genus  have  succulent  leaves  (^g.  1061).  The 
p  irgative  drug  Aloes  is  the  inspissated  juice  obtained  from  the  parallel 
brownish-green  vessels  found  beneath  the  epidermis  of  the  leaves.  Several 
commercial  varieties  of  Aloes  are  known,  but  the  origin  of  some  is  not 
accurately  detc'rmined. — A/oe  vulgaris  {barbaden»i$)  yields  the  kind  called 
Harbadoe's  Aloes. — A.  Ferryi  has  been  recently  proved  to  be  the  source 
of  Socotrine  Aloes,  and  also  the  kind  commonly  known  as  Hepatic  Aloes, 
for,  as  was  first  shown  by  Dr.  Pereira,  the  difference  between  these  two 
kinds  may  be  readily  accounted  for  by  difference  of  preparation  in  the  two 
respectively.  Socotrine  and  Barbadoes  Aloes  are  alone  official  in  the  British 
Pharmacopceia. —  Capt  Aloes  is  yielded  by  A.  spicata,  A.  J'ernx,  and  several 
other  species.  Other  commercial  varieties  of  Aloes  are  known  as  Natal 
Aloes,  a  tine  kind — Indian  Aloes,  Aden  or  Black  Aloes,  Curn^oa  Aloes,  &C. 
Their  sources  arc  not  accurately  known.  Aloes  is  used  in  small  dosra  as  a 
tonic,  and  in  larger  doses  as  a  purgative  and  emmenagogue. 

Asptiragus. — A.  officinalis^  Asparagus. — The  young  succulent  shoots 
called  turifig^  when  boiled,  are  highly  esteemed  as  an  article  of  food.  These, 
and  the  roots,  and  flowering  stems,*  are  sometimes  employed  as  diuretics. 
The  juice  of  Asparagus  has  marked  diuretic  properties,  ana  is  deserving  of 
more  attention  than  it  has  of  late  years  received.  Asparagus  is  also  popu- 
larly employed  as  a  lithic.  The  roasted  seeds  have  been  used  as  a  substitute 
for  coffee. 

Asphodelus  ramosvs^  a  native  of  Turkestan,  yields  a  tuber  called  Schiresch, 
which  U  employed  as  a  diuretic  and  emmenagogue.  The  Morocco  drug 
called  Ahlaluz  is  al.«o  said  by  Leared  and  Holmes  to  be  derived  from  this  plant. 

Ctimnssia  esculenta  has  edible  bulbs,  which  are  used  by  the  North 
American  Indians  under  the  name  of  Quamtuh.  They  are  also  known  as 
Biscuit- roots. 

Drucapna  Draco^  the  Dragon  Tree  of  Teneriffe  {Jig.  198)  yields  a  red 
rosin  resembling  Dragon's  Blood,  but  it  is  not  now  knon  n  in  commerce.  (See 
Calamus  and  Ptervcarjms.)  The  roota  of  D,  terminalis^  the  Tl  Plant,  are 
baked,  and  eaten  largely  by  the  inhabitants  of  the  Sandwich  Islands.  A 
fermented  beverage  is  also  obtained  from  the  juice  of  this  plant ;  and  its 
leaves  are  employed  as  fodder  for  cattle,  and  for  clothing  and  other  domestic 
purposes. 

Lilinm. — The  bulbs  of  some  species,  as  those  of  L.  tenuifoKum,  L.  kamt' 
schaticum,  and  L,  spectabiUt  are  commonly  eaten  in  Siberia. 

Phormium  tenajc. — This  plant  is  a  native  of  New  Zealand.  The  fibre 
obtained  from  its  leaves  iwssesses  great  strength ;  it  is  commonly  known 
under  the  name  of  New  Zealand  Flax.  It  is  much  used  for  twine  and 
cordage,  and  occasionally  for  linen,  &c.  In  Auckland  alone,  rope  and  cor- 
dage of  the  annual  value  of  about  2,500/.  are  prepared  from  it.  It  was  re- 
commended many  years  ago  for  paper-making,  but  although  a  very  strong 
paper  may  be  made  from  it,  very  little  commercial  progress  has  been  made 
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with  this  material.  Its  root  has  been  recommended  as  a  substitute  for 
Sarsaparilhi. 

Polygoiiatum  officinale  {yulgart). — ^The  rhizomes  of  this,  and  probably 
those  of  P.  multifloruntf  are  sold  in  the  herb  shops  under  the  name  of  Solo- 
mon's Seal.  They  are  employed  as  a  popular  application  to  remove  the 
marks  from  bruised  parts  of  tlie  body. 

Rutcus  aculeatus^  Butcher's  Broom  (Jig.  404),  has  aperient  and  diuretic 
root?,  which  were  formerly  much  employed  in  visceral  diseases.  The  roasts 
seeds  have  been  used  as  a  substitute  for  coffee. 

San»eviera  zeylanica  and  other  species  produce  very  stron^ic  and  tough 
fibres,  which  are  known  under  the  names  of  African  Hemp  and  Bowstring 
Hemp. 

Urginea. —  U.  Scilla  or  Scilh  maritima. — The  bulb  of  this  species  is  the 
ofiicial  Squill.  It  is  a  valuable  medicine  ;  in  small  doses  acting  as  an  ex- 
pectorant and  diuretic,  and  in  larger  doses  as  an  emetic  and  cathartic.  In 
excessive  doses  it  is  a  narcotico-acrid  poison.  Some  other  species  seem  to 
possess  analogous  properties.  Two  active  principles  have  Wn  known  for 
some  time  as  contained  in  Squill,  one  of  which  has  been  reputed  to  poijisMS 
expectorant  and  diuretic  properties,  and  not  poisonous ;  and  the  other  with- 
out any  value  in  medicine,  but  acting  simply  as  an  irritant  poison :  the 
former  has  been  called  scilliiint  the  latter  sculein.  Merck  has  recently,  how- 
ever, found  three  principles,  which  he  terms  scillitoxin,  KiUipicrin^  and  bcU- 
iin,  and  he  infers  that  the  medicinal  activity  of  squill  depends  upon  the 
two  former. —  U.  indica  has  similar  properties  to  the  official  Squill. 

Xanthorrhcea. — The  species  of  this  genus  are  commonly  known  in  New 
South  Wales,  where  they  are  natives,  under  the  name  of  Grass-trees.  Their 
tops  afford  fodder  for  cattle,  and  their  young  leaves  and  buds  are  eaten  as  a 
vegetable.  From  X.  arborea^  X.  hastilis,  and  others,  two  resins  are  ob- 
tained ;  one  of  which  is  known  as  the  Yellow  resin  of  New  Holland  or 
Botany  Bay  resin,  the  other  as  the  Red  resin  of  New  Holland  or  Black-boy 
gum.  The  latter  appears  to  be  the  produce  of  A',  hastilis.  Both  resins 
exude  spontaneously  from  the  trunks  of  the  trees,  and  both  possess  a  fragrant 
balsamic  odour.  They  have  been  recommended  for  use  in  the  preparation 
of  pastilles,  and  medicinally  in  those  cases  where  tolu  and  other  balsams  are 
employed. 

Vueca  gloriosa  and  other  species  which  are  commonly  known  under  the 
name  of  Adam's  Needle,  yield  fibres,  but  these  are  little  used.  The  leaves 
of  Y.  baccatOy  Y.  brevifolia,  Y.  IVhipplei^  and  Y.  angustifolia,  natives  of 
New  Mexico,  Arizona,  and  of  South  California,  have  been  recommended 
recently  as  a  valuable  material  for  paper  manufacture. 

Natural  Order  258.  Melanthacb^  or  Colchicack^. — The 
Colchicum  Order. — Character. — Herbs ^  with  bulbs,  rhizomes, 
or  conns  (Jigs.  242  and  106G),  or  tuberous  or  fibrous  roots. 
Flowers  regular  (Jig..  1067),  usually  hermaphrodite,  or  rarely 
unisexual.  Perianth  inferior,  white,  green,  or  purple  (Jig.  1066), 
G-partite  or  6-leaved.  Stamwiis  6  (figs.  514  and  1067)  ;  anthers 
extroi-se  (fig.  514).  Ovary  superior  or  nearly  so,  3-celled  (Jig. 
1067)  ;  style  3-partite  (fig.  1066).  Fmit  3-celled  (Jig,  1068), 
3-valved,  with  commonly  septicidal  dehiscence  (Jig.  664),  or 
sometimes  loculicidal.  Seeds  with  a  membranous  testa  ;•  eivi>ryo 
minute,  in  tieshy  albumen  (Jig.  1069). 

By  Bentham  and  Hooker  the  plants  of  this  order  are  now 
placed  in  the  LiliacesR,  and  essentially  constitute  the  tribe  CW- 
chicese  of  their  arrangement. 

IHagiwsis, — Herbs.     Flowers  regular,  perfect  or  rarely  uni- 
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sexual.  Perianth  inferior,  6-partite  or  6-leaved.  Stamens  6  ; 
anthers  extrorae.  Ovary  superior  ;  style  3-partite.  Fruit  a 
septicidal  or  rarely  a  loculicidal  capsule.  Seeds  numerous, 
albuminous. 

Dijstrity^Uion,  Examples,  and  Numbers. — Grenerally  diffused, 
but  most  abundant  in  Europe,  North  America,  and  the  northern 
parts  of  Asia.  Examples  of  the  Ocnem;— Asagrtea,  Veratrum, 
Uviilaria,  Colchicum.     There  are  about  130  species. 

Properties  and  Uses. — The  plants  of  this  order  are  almost 
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Fig.  1068. 
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Fiff.  1068.  Flowering  plant  of  the  Meadow  Saflfron  (Colrhicum  auUimnaU). 

Fig.  1067.  Diajirrani  of  the  flower  of  the  same,  with  six  divisions  to 

the  perianth,  arTange<l  In  two  whorls ;  six  stamens ;  and  a  3-celled  ovary. 
FUj.  10O8.  Transverse  section  of  the  fruit. Fig.  1069.  Vertical  sec- 
tion of  the  seed. 

niversally  poisonous  owing  to  the  presence  of  powerful  alka- 
>ids.  But  in  proper  doses  several  are  valuable  medicines,  pos- 
essing  emetic,  purgative,  diuretic,  acrid,  and  narcotic  proper- 

ies, 

Asagrtea  officinalis  or  Schaimcau/on  officinale. — This  plant,  a  native  of 
Mexico,  is  the  source  of  the  official  Cevadilla  or  Sabodilla,  of  the  British 
Pharmacopoeia ;  this  consists  of  mixed  pericarps  and  seeds.  The  seeds 
nloue  are  now,  however,  commonly  exported.  Cevadilla  is  principally  em- 
ployed as  a  source  of  the  alkaloid  ^''eratria,  which  isprobablv  only  contained 
ill  the  seeds.  Veratria  has  been  used  externally  as  a  rubeiacient,  in  rheu- 
matism, gout,  and  neuralgic  affections,  and  also  internally  in  similar 
uflections  in  doses  of  one-twelfth  to  one-sixth  of  a  grain.  It  is  a  most  power- 
ful poison.  CevadiUa  seeds  have  been  employed  internally  as  an  anthelmintic. 
They  are  called  lice  seeds  by  the  Germans,  because  when  powdered  and 
applied  externally,  they  destroy  vermin. 


700  GII.LIESlACEiE.      FONT£DERACIL£. 

Cohhicum. — C.  autumnalet  Colchicum  or  Meadow  Saffron. — Both  the 
seeds  and  corms  of  this  plant  are  official  in  the  British,  Indian,  and  United 
States  Pharmacol  ceias.  They  are  employed  medicinally  in  gout  and  rheu- 
matism ;  but  in  improper  dosies  they  act  as  a  narcotico -acrid  poiaon.  Thej 
owe  their  properties  essentially  to  a  peculiar  alkaloid,  called  ColcAieUu 
The  once  celebrated  French  nostrum  for  gout,  called  Eau  medieimai* 
dHu49on,  owed  its  properties  to  CoUhicum.  The  flowers  and  lesTea,  more 
especially  the  latter,  are  poisonous  to  cattle,  and  hence  this  plant,  which, 
moreover,  occupies  a  considerable  space,  as  it  has  large  leaver,  should  be 
eradicated  as  far  as  possible  from  the  pastures  in  which  it  is  found.  The 
Htrmndactyh  of  the  Greek  physicians  and  Arabians,  and  which  were 
largely  employed  by  them  in  diseases  of  the  joints,  have  been  shown  by 
Planchon  to  have  been  the  corms  of  C.  variegatum,  the  source  also  of  the 
Hermodactyls  of  the  present  day.  Some  other  Hermodactyls  had  a  different 
origin. 

Uvularicu — The  species  of  this  genus  do  not  possess  the  usual  poisooous 
properties  of  the  Melanthaceas,  but  api)ear  to  be  simply  astringent  in  their 
action. 

Veratrum. — The  rhizomes  of  F.  album  are  commonly  known  as  White 
Hellebore  roots.  They  contain  several  bases,  the  more  important  being  the 
alkaloid  Veratria^  and  another  peculiar  alkaloid  termed  Jervin.  White 
Hellebore  is  a  narcotico-acrid  poison.  It  has  been  employed  externally  as 
an  errhine,  and  for  destroying  vermin  ;  and  internally  as*  a  purgative  and 
anodyne  in  gout,  &c.  The  dried  rhizome  and  rootlets  of  y,  viride^  Green 
HelIelK>re,  are  now  much  employed  in  the  United  States,  under  the  name  cf 
American  Hellebore  or  Swamp  Hellebore,  as  an  arterial  sedative  in  inflam- 
matory affections.  John  Hnrley  describes  its  action  as  occupying  a  position 
intermediate  between  colchicum  and  digitalis.  Green  Hellebore  is  official 
in  the  British,  Indian,  and  United  States  Pharmacopoeias. 

Natural  Order  250.  Gilliesiace^e. — The  Gilliesia  Order. — 
Character. — Small  bulbous  herbs,  with  grass-like  leates. 
Flowers  perfect,  umbellate,  spathaceous.  Fenanth  in  two 
whorls,  the  outer  amsisting  of  6  or  8  petaloid  leaves,  the 
inner  minute,  and  either  a  single  lip-like  organ,  or  urn-shaped 
and  C-toothed.  The  outer  portion  of  the  perianth  is  regarded 
by  Lindley  as  a  whorl  of  bracts.  Stamens  6,  all  fertile  or  3 
sterile.  Chary  superior,  Scelled.  Fruit  a  loculicidal  capsule, 
3-celled.  Seeds  numerous,  with  a  black  brittle  testa ;  ewhryo 
curved  in  tieohy  albumen. 

Distrihutimi,  Examples^  and  Numbers. — They  are  natives  of 
Chili.  There  are  two  genera,  Gilliesia  and  Miersia,  and  5 
species.     Tlieir  properties  and  uses  are  unknown. 

NatunJ  Order  260.  Pontederace^. — The  Pontederia 
Order.  —  Character.  — Aquatic  plants.  Leaves  sheathing  at 
the  base,  with  occasionally  dilated  petioles.  Flowers  irregiUar, 
spathaceous.  Perianth  inferior,  6-partite,  petaloid,  tubular, 
persistent.  Stamens  3  or  6,  inserted  on  Uie  segments  of  the 
perianth  ;  antfiers  introrse.  Fruit  capsular,  occasionally  some- 
what adherent  to  the  persistent  perianth.  Seeds  numerous,  with 
mealy  albumen. 

Distribution,  Examples,  Numbers,  and  Properties. — They  are 
natives  of  the  East  Indies,  Africa,  and  America.  Examples  of 
the  Genera: — Leptanthus,  Pontederia.  There  are  above  30 
species.    Their  pxopertiea  are  unimportant. 
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Natural  Order  261.  Mayace^. — The  Majaca  Order. -- 
LHcupiosU. — Small  moss-like  plants  growing  in  damp  places. 
They  are  closely  allied  to  Commelynacece,  from  which  they 
difler  in  their  habit ;  their  1-celled  anthers  ;  their  1-celled  ovary 
and  capsule  with  parietal  placentas  ;  and  in  their  carpels  being 
opposite  to  the  inner  segments  of  the  perianth. 

Distribution,  Exampl^Sj  Numbers,  and  Properties. — They  are 
found  in  America  from  Brazil  to  Virginia.  Mayaca  is  the  only 
genus,  of  which  there  are  4  species.  Their  properties  and  uses 
are  imknown. 

Natural  Order  202.  Commelynace.«. — The  Spider- Wort 
Order. — Character. — Herbs,  with  flattened,  narrow,  usually 
sheathing  leaves.  Perianth  inferior,  more  or  less  irregular,  in  6 
parts  arranged  in  two  whorls  ;  the  outer  parts  being  green,  per- 
sistent, and  opposite  to  the  carpels  ;  the  inner  petaloid.  Sta^ 
mens  3  or  G,  some  generally  abortive,  hypogynous  ;  anthers 
2-celled,  introrse.  Ovai-y  3-celled,  superior;  style  1.  Cap- 
sule 2 — 3-celled,  2 — 3-valved,  with  loculicidal  dehiscence  and 
axile  placentation.  Seeds  few,  with  a  linear  hilum  ;  embryo 
shaped  like  a  pulley,  remote  from  the  hilum,  in  dense  fleshy 
albumen. 

Distributuyn,  Examples,  and  Numbers. — They  are  chiefly 
natives  of  India,  Africa,  Australia,  and  the  West  Indies.  Ex- 
amples of  the  Genera : — Commelyna,  Tradescantia.  There  are 
above  2G0  species. 

Prr/ptrties  and  Uses. — Their  properties  are  unimportant. 
The  rhizomes  of  some  species,  as  those  of  Commelytia  tuberosa, 
C.  angudifolia,  and  C.  striata,  contain  much  starch,  and  when 
cooked  are  edible.  Others  have  been  reputed  astringent  and 
vulnerary,  and  some  emmenagogue,  &c. 

Natural  Order  2(33.  Xyridacrs. — The  Xyris  Order. — 
Character. — Sedge-like /ier6«.  Leaves  radical,  sheathing,  en- 
siform  or  filiform.  Flowei's  perfect,  in  scaly  heads.  Peri- 
anth inferior,  6-partite,  arran^d  in  two  whorls, — the  outer 
glumaceous,  distinct,  and  opposite  the  carpels ;  the  inner  peta- 
loid and  united.  Stamens  6,  3  being  fertile  and  inserted  on  the 
petaloid  perianth  ;  aiUhers  extrorse.  Chary  superior,  1-celled, 
with  parietal  placentas.  Capsule  1-celled,  3-valved.  Seeds  nu- 
merous, orthotropous  ;  embryo  minute,  on  the  outside  of  fleshy 
albumen. 

Didribuiion,  Examples,  and  Numbers. — Exclusively  natives 
of  tropical  and  sub -tropical  regions.  Examples  of  the  Genera : — 
Xyris,  Rapatea.     There  are  about  70  species. 

Properties  and  Uses. — Unimportant.  The  leaves  and  roots 
of  some  species  of  JTym  have  been  employed  in  cutaneous 
affections. 

Natural  Ord«r  964.  Philydracka.  —The  Water- wort  Order. 
— Character. — Herbs  with  fibrous  roots.  Leaves  equitant, 
ensiform,  sheathing.  FUnoerssurrouuded  by  spathaoeous  per- 
sistent bracts,  solitary.     Perianth  inferior,  in  1  whorl,  2-lea 
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petaloid.  Stamens  3,  2  of  which  are  abortive  ;  JUaments  united, 
Ovary  superior,  3-celled,  with  axile  placentas.  Frtiit  a  loculi- 
cidal  capsule.  Seeds  numerous  with  an  embryo  in  the  axis  of 
fleshy  albumen. 

IH8tributi4jn,  Examples,  Numbersy  and  Propeiiies. — They  are 
natives  of  China,  Cochin  China,  and  New  Holland.  There  are 
two  genera,  Philydrum  and  Heteeria,  and  2  species.  Their  pro- 
perties and  uses  are  unknown. 

Natural  Order  265.  Juncacbjs. — The  Rush  Order  (figs.  1070 
and  1071).  Sedge  or  grass-like  he^rbs  with  tufted  or  fibrous  roots. 
Leaves  with  pfurallel  veins,  fistular  or  more  or  less  flattened 
and  grooved.  Flowers  regular  {fig.  1070),  usually  glumaceous, 
or  sometimes  petaloid.  Perianth  inferior,  6-partite  {fi^.  1070), 
persistent.     Stamens  6  {fi^.  1070),  or  3,  ])erigynou8 ;  anthers 
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Fig.  1070.  Flower  of  a  species  of  Wood-rnsh  {LutuUi\  Iiaying  Rn  inferior 
perianth  with  6  diviBlons,  6  Ktameng,  and  a  snpcrior  ovary  with  1  style 
and  3  stigmas. Fig,  1071.  Vertical  section  of  the  seed  of  the  same. 

introrse,  2-oelled.  Owiry  superior  {fig.  1070),  1 — 3-celled  ;  ^yU 
1  {fi^.  1070),  dig^nas  3  {fig.  1070)  or  1.  Fmit  a  loculicidal 
capsule,  3-valved,  and  with  1  or  many  seeds  in  each  cell  ;  rarely 
1-celled,  1-seeded,  and  indehiscent ;  embryo  very  minute,  in 
fleshy  or  homy  albumen  {fi^.  1071). 

Didributioiiy  ExAxmpleSy  and  Numbers. — A  few  are  found  in 
tropical  regions,  but  the  mass  of  the  order  inhabit  cold  and 
temperate  climates.  Examples  of  the  GenetxL : — Luzula,  Juncus, 
Narthccium.     There  are  about  200  species. 

Properties  and  Uses. — Their  medicinal  properties  are  unim- 
portant, although  some  have  a  reputation  as  anthelmintics  and 
diuretics.  Narthe^iitm,  ossifrag%t>m  is  poisonous  to  cows  fed  on  it. 
The  pale  cellular  tissue  at  the  base  of  some  of  the  leaves  of 
certain  species  is  occasionally  eaten.  The  chief  use,  however, 
to  which  the  plants  of  this  order  are  applied,  is  in  making  floor 
mats,  and  the  bottoms  of  chairs,  &c.  The  leaves  of  the  spe- 
cies of  Juncus  are  employed  for  these  purposes.  The  internal 
cellular  substance  of  the  fistular  leaves  of  J  unci,  which  is  com- 
monly called  the  pith,  is  also  employed  for  the  wicks  of  rushlights. 
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In  China,  a  decoction  of  this  cellular  matter  is  also  much  used 
as  a  cooling  medicine  in  febrile  affections.  It  is  likewise  em- 
ployed in  the  manufacture  of  sun-hats,  resembling  those  made  in 
India  from  jEschjiwmetie  aspera,  but  they  are  not  so  durable  as 
the  Sola  or  Shola  hats  of  Calcutta.     (See  jiEach/ynomene.) 

Natural  Order  266.  AcoRACEiE  or  Orontiace^. — The  Sweet 
Flag  or  Orontium  Order. — Character. — Herbs.  Flowers  per- 
fect, an-anged  on  a  spadix,  and  with  or  without  a  spathe. 
Perianth  absent,  or  composed  of  scales,  which  are  inferior. 
Stametut  equal  in  number  to  the  scales  of  the  perianth,  4 — 8, 
hypogynous  or  perigynous.  Ovary  superior,  1  or  more  celled. 
Fruit  baccate.  Seed  with  an  axile  embryo  which  is  cleft  on  one 
side  ;  usually  with  fleshy  or  mealy  albumen,  or  rarely  exalbu- 
minous.  This  order  is  commonly  regarded  as  a  division  of  the 
Aracere,  but  wo  place  it  here,  in  accordance  with  the  views  of 
Lindloy,  on  account  of  its  plants  possessing  perfect  flowers. 

Distrihiitio7ij  Examples,  and  Numbers, — They  aie  found  in 
cold,  temperate,  and  tropical  regions.  Examples  of  the  Genera : 
— Calla,  Orontium,  Acorus.     There  are  about  70  species. 

Properties  and  Uses. — The  plants  generally  of  this  order  have 
acrid  properties,  but  this  acridity  may  usually  be  got  rid  of  by 
dr^Mng  and  by  heat,  and  then  the  rhizomes  of  certain  species 
may  be  eaten.  Some  are  aromatic  stimulants  ;  others  antispas- 
modic, expectorant,  or  diaphoretic. 

Aconts  Calamus^  Sweet  Flag.^The  rhizome  is  an  aromatic  stimalant, 
and  is  regarded  by  many  as  a  valuable  medicine  in  agues,  and  as  a  useful 
adjunct  to  other  stimulants  and  bitter  tonics.  It  is  reputed  to  be  sometimes 
employed  by  the  rectifiers  of  gin.  The  candied  rhizomes  are  employed  by  the 
Turks  &»  a  prevent  ive  afrainst  contagion.  In  India  the  rhizome  is  occasionally 
used  as  an  insectifiige  and  insecticide,  more  especially  in  relation  to  fleas. 
I'he  volatile  oil  which  may  be  obtained  from  it  by  distillation  is  uied  for 
scenting  snufl',  and  in  the  preparation  of  aromatic  Vinegar. 

Calia  palustris  has  acrid  rhizomes,  but  by  drying,  washing,  grinding, 
and  baking,  these  have  been  made  into  a  kind  of  bread  in  Lapland. 

Dritcontium. — The  fresh  roots  oi  D,  polyphyllum  are  in  repute  in  Malabar 
for  their  antispasmodic  properties. 

Symplocarpus  fatidus.  Skunk  Cabbage. — The  root  has  a  very  foetid 
odour,  especially  when  fresh.  It  is  considered  in  the  United  States  as  an 
efficacious  nen'ous  stimulant,  and  has  been  used  in  spasmodic  asthma,  whoop- 
ing-cough, catarrh  in  old  people,  and  in  other  diseases.  Its  properties  are 
much  impaired  by  keqiing. 

Natural  Order  267.  Palmace^.— The  Palm  Order.— Cha- 
racter.— Trees  or  shnibs,  with  simple  unbranched  (Jig.  188,  1), . 
or  rarely  dichotomously  branched  trunks  (fig.  196).  Leaves  ter- 
minal (fi^.  188, 1),  large,  with  sheathing  stalks.  Flowers  perfect 
(fi^s.  1074  and  1076)  or  unisexual  (figs.  1072  and  1073),  arranged 
generally  on  a  branched  spadix  (fi^.  412),  which  is  enclosed  by  a 
spathe.  Perianth  inferior,  in  two  whorls,  each  of  which  is 
composed  of  three  parts  (figs.  1072  and  1073).  Stamens  6  (figs. 
1072  and  1074),  3,  or  numerous,  hypogynous  or  perigynoui. 
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Ovary  superior  {Jig».  1074  and  1075),  1—3-  (fig.  1073)  celled. 
FrvU  (fig.  1076)  nut  like,  baccate,  or  drupaceous.     Seeda  with  a 
minute  embryo  {fig».  1078,  e,  and  1077),  in  a  cavity  of  the 
albumen  {Jig.  1076,  d)  ;  atl/amen  fleshy  or  homy  (figt.  1076, 
and  1077),  often  ruminate  {fig.  752,  p). 

IHitribution,  Emmplea,  and  Nvmhen. — Moat  of  the  phuit* 
are  tn>pical,  but  a  few  occur  in  temperate  regions.  Exampln  of 
the  Oenera  : — Leopoldinia,  Areca,  Sagus,  Chamterope,  Attalea, 
Cocoa.     There  are  above  GOO  sptwies. 


Propertiet  Mid  Vtet. — Of  all  orders  of  plants,  there  is  none, 
with  the  exception  of  that  of  the  Grassea,  so  valuable  to  man 
as  regards  their  dietetical  and  economic  applications  aa  that 
of  the  Palms.  These  plants  supply  liim  with  auKar,  starch,  oil, 
wax,  wine,  resin,  astrin&ent  matters,  and  also  edible  fniita  and 
seeds.  Their  terminal  leaf-buds,  when  boiled,  are  eaten  aa  a 
vegetable.  Their  leaves  are  applied  in  various  ways,  as  for 
thstohing,  materials  for  writing  upon,  and  in  the  raaimfMtnre  of 
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hata,  matltog,  &c.  ;  their  iroad  is  applied  to  many  lueful  pur- 
poses ;  the  fibres  of  their  petioles  ond  fniits  supply  materials 
for  cordage,  cloth,  and  various  other  textile  fabrics  ;  and  the 
hard  albiimen  of  their  seeds  is  applicable  id  many  ways.  But 
in  a  medicinal  point  of  view  they  are  of  very  miieh  less  UDpor- 
tance  ;  indeed,  they  do  not  supply  any  important  article  of  the 
iTiateria  medica  used  in  Europe,  although  in  tropical  countries 
they  are  of  mure  value,  and  in  frequent  use  as  medicinal  agenta. 

Artca,—A.  Cattchu.  tbe  Bftel  N'ut  Palm.— The  geede  ire  koowa  under 
the  nnnie  of  Betel  N'utu  or  Areca  Nuts ;  they  nrv  ufficiil  [a  the  British 
Phonnaeoptwa.  In  the  South  of  India  an  extract  la  made  from  these  nota, 
Hiikh  ie  asid  to  oonstItDt«  the  commeTcta]  varietv  of  Catechu,  knowa  a» 
Colombo  or  Cevlon  Catechu,  althnu^h  it  is  doubtFiil  whether  anv  Cat«hD 
is  prepared  in  Ceylon.  It  ia  the  Betel  Xut  Caieehu  of  I'ereira.  In  ita  pro- 
perties and  UW9  Ihit  Catechu  reumhlea  that  obtained  from  Acarm  Catec/in, 
and  the  official  Catechu  from  Uncaria  Gambitr.  {Sen  Uncaria.)  Areea 
nuts  arc  rrtc'"!^  ■*  anrin|-ent,  aod  valuable  therefore  aa  a  remedy  in 
diarrhtEo.  The  powdered  neds  nr  nuts  have  been  lone  emploved  ae  an 
anthelinintlc  for  dogs,  and  Areca  haa  now  been  intnxluced  into  the  Britith 
I'hariiiaropiBia,  on  account  of  ila  mppoaed  efficacy  in  promotins  ths  eiipul- 
sion  of  the  upewomi,  and  of  the  round  worm  in  the  human  aul.ject.  Char- 
c^tal  piepared  from  the  Areca  nut  ia  termed  Artca-nui  chorcind,  and  ia  used 
in  tbia  counliy  aa  a  looth'powder.  It  doo  nut  appear  to  have  any.  value 
ovn  that  of  ordinary  charcos!.  The  Betel  Nut  i»  one  of  the  iDgredieata  in 
llie  famed  innsticaiory  of  the  East,  called  Brttl  (See  Fiptr.)  The  dried 
e^iliamled  lenf-atalks'bave  been  ueed  in  India  SB  aplinta. — A.  oUraaa  U 
ktiuwn  nii  the  West  Indian  Cabbage  Pabn,  ita  young  teniiinal  bud  whta 

-, xiuinfti 

Palm,  BupplicB 

I'alm  (<u|;ar  ia  naually  obtained  by  boiling  the  juice  which  flowa  oui:  irom 
thta  and  many  other'  Palms  upon  woanding  their  epathe«  and  aurroundintt 
parta ;  it  ia  commonly  hnowfi  in  India  by  the  name  of  Jaggery.  The  juice 
(toddy)  oftheGommutl  Palm,  when  feiraentfd,  protlucei  an  intoiicatina 
liquid.  In  Sumatra  it  is  termed  una,  and  a  kind  of  tpirit  (nrroct)  la  distilled 
from  it  in  Batavia.  From  the  trunk  of  tbia  Palm,  when  exhauited  of  ita 
saccharine  juice,  a  good  deal  of  our  commercial  Sago  ia  obtained.  A  alngle 
tree  will  yield  from  150  to  200  pounds  of  Satro.  (See  also  Jfcfnwy&ii.) 
The  juice  of  the  fVuit  is  very  acrid.  The  atilT  atrong  horaehair-lika  fibra 
known  under  the  name  of  Gommnti  or  Ejow  flbie  is  derived  from  the  leaf- 
alalka  of  thia  palm. 

^Ua/co.—^.^kni/tni.  Hart— The  fruits  of  this  species  are  largely  im- 
poTteil :  tbey  constitute  the  Coquilla  nut>  of  commerce.  They  ate  abo  termed 
umatri  nuU.  Their  pericarps  are  very  hard,  and  form  a  awful  material  for 
■he  handlea  of  doors,  drawer'',  stick*,  umbrellas,  Ac  The  pendulous  fibres 
of  the  petioles  supply  the  ooamervsriBlyofPiaasabfl,  known  in  commerce  as 
Ilahia  Piassaba,  the  other  and  finer  kind  being  derived  from  LtopoliHttia 
I'lamda.  (See  Leopoldinia.)  This  coarae  kind  is  obtained  from  Bahfs. 
Other  species  of  Attalta  appear  to  yield  similar  fibrea.  From  the  seeds  of 
A.  dA-mm,  the  C^ahoun  Palm,  a  fiitty  oil  may  be  obtained.  They  have  beeiL 
imported  for  this  purpose.  The  seeds  of  A.  Coj^la,  the  Pindova  Palm,  are 
much  eatcemeil  in  Brazil,  and  the  leaves  are  also  used  for  making  hats,  &c. 

&ra«ii»>iA«/h/on«»,the  Palmyra  Palm.— From  the  juice  of  this  Palm 
toddy  and  arrack  are  procured  in  large  quanlitiea  in  India.  Palmyra  fibrea 
are  also  obtained  from  its  leaves,  and  Palmyra  wood  fhim  the  trunk. 

Cabuiuu. — Several  klndsofwalklng-canes  are  obtained  from  spocia  of 
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this  geoQs,  an  C.Sc^ionum,  the  Malacca  caoe  ;  C.  Botang  and  C,  Rmdentmmj 
KaiUn  canes.  Partridge  canes  and  Penang  lawyers  are  alM>  the  produce 
of  uiideternuncd  species. — C.  veru*^  C.  viminaliM^  and  other  specie^  are  like- 
wise botanical  sources  of  the  canes  now  largel}'  used  for  walking-sticka,  and 
for  chair  bottoms,  couches,  &c  About  twenty  millions  are  annanUr  im- 
ported, the  value  of  which  is  about  40,000/.  The  fruit  of  C,  Zhnco,  and  of 
probably  other  species,  is  the  chief  source  of  the  astringent  reainoua  substance 
known  as  Dragon's  Blood.  (See  also  Pterocarpug  Draco  and  Vracmna 
Draco.') 

Caryota  urens. — From  this  palm  sugar  may  be  procured,  and  its  juice 
forms  a  kind  of  toddy  or  palm  Mine.  From  the  trunks  of  the  old  treei  a 
kind  of  Sago  is  obtained  in  Assam. 

Ceroxylon  or  Jriartea  andicoia. — The  trunk  and  axils  of  the  leaves  of 
this  palm  secrete  wax,  which  may  be  applied  to  many  useful  purposes.  It 
is  a  native  of  New  Granada. 

Chamasrop§. — C.  humilis  is  the  only  Palm  found  wild  in  Europe.  It  sup- 
pUes  fibres  which  have  been  used  as  a  substitute  for  horsehair,  and  in  Sicily 
ito  different  paru  are  applied  to  various  purposes,  as  walking-canes,  and  for 
the  making  of  hats,  baskets,  Sec.  The  leaves,  under  the  name  of  Palmetto 
leaved,  have  been  imported  and  used  for  paper-making.  Its  young  leaves  or 
buds  arc  also  eaten  as  cabbage.  Palm  wine  or  toddy  is  also  collected  from 
the  spathes.  The  material  employed  for  the  Brazilian  chip  or  grass  hats  is 
obtained  from  C.  araentea. 

Coco»  nucifera,  the  Cocoa-nut  Palm. — This  is  perhaps  the  most  valuable 
of  all  the  Palms.  An  impure  sugar,  called  Jaggeiy,  i^  largely  obtain^ 
from  the  juice  which  tiows  out  when  its  sT)athe8  and  their  neighbouring  parts 
are  injured.  The  fresh  juice  is  termed  Toddy.  A  spirit  called  arrack  is  also 
prepared  to  a  great  extent  from  the  fermented  juice,  as  also  vinegar.  The 
albumen  of  the  seeds,  which  are  comnionlv  known  as  Cocoa-nuts,  and  the 
liquid  portion  within  this  (cocoa-nut  milk),  form  an  important  part  of  the 
food  of  the  inhabitants  of  tropical  regions.  In  large  doses  this  milk  when 
fresh  has  been  used  in  India  as  an  aperient.  The  Cocoa-nut  is  also  largely 
i-onsumed  in  this  country.  From  the  albumen  the  concrete  oil  known  as 
Cocoa-nut  oUj  or  Gtcoa-nut  huttfr^  is  obtained.  It  is  extensive!}'  employed 
for  making  candles  and  soap.  In  India  it  is  mych  esteemed  as  a  pomatum, 
but  its  unpleasant  odour,  and  the  rancid  character  which  it  soon  acquiren, 
prevent  its  use  in  this  country  for  such  a  purpose.  I'he  oleine  obtained  by 
pressure  from  the  crude  oil,  and  afterwards  purified  bv  alkalies,  &c,  has 
lieen  reconmiended  as  a  substitute  for  cod-liver  oil,  but  although  its  use  has 
been  favourably  reported  upon  by  some  physicians,  its  employment  has  not 
been  generally  approved.  From  the  librous  portion  of  the  pericarp  of  the 
fruit  of  the  Cocoa-nut  Palm  tlie  strong  fibre  called  Coir  or  Cocoa-nut  fibre 
Ia  obtained.  Coir  is  remarkable  fur  its  durability,  and  is  accordinfrly  much 
used  fur  cordage,  fishin^-ncts,  matting,  scrubbing-brushes,  &c.  The  wood 
of  the  Cocoa-nut  Palm  is  very  hard,  handsome,  and  durable,  and  is  employed 
for  several  purposes  under  the  name  of  Porcupine  Wood. 

CitjKrt.icia  ceri/era,  the  CaTtiauba  Palm,  is  a  native  of  the  Brazils.  On 
the  lower  surface  of  its  leaves  wax  is  secreted,  which  is  occasionally  im- 
ported under  the  name  of  Carnauba  or  Brazilian  Wax.  The  root  is  said 
to  resemble  harsa(>arilla  in  its  medicinal  properties,  and  has  recently  been 
imported  inio  this  countr}'. 

Corypha  umbracuiiferay  the  Talipot  Palm,  yields  a  kind  of  Sago  in 
Ceylon,  out  this  is  not  an  article  of  commerce. 

JElais  guinetnsis  and  E.  meianococcOf  the  Guinea  Oil  Palm». — The  sarco- 
carp  of  the  drupaceous  fruits  of  these  Palms  abounds  hi  oil,  which  when 
extracted  is  known  as  Palm  Oil.  This  is  a  solid  butter-like  oil,  of  a  rich 
orange-yellow  colour,  and  is  extensively  used  in  thin  country  and  elsewhere 
in  the  manufacture  of  soap  and  candl&s  And  for  lubricating  the  wheels  of 
railway-carriages,  &c    In  Airica  Palm  Oil  la  uaed  as  food  by  the  natives. 
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The  hard  Rtcmy  pirtainen  of  the  wrnie  fruits  also  yi^ldo  a  limpid  oil.    Palm 
Avine  or  toddy  is  likewiiie  obtained  from  the  wounded  spathe:)  of  the)»€  Palms. 

Euterpe.— E.montanti  \»  one  of  the  Cabbage  Palms.  It  is  so  calle^l  from 
the  circumstance  of  its  young  terminal  leaf-bud  being  boiled  and  eaten  as 
a  vegetable.  From  the  fruits  of  other  species,  aa  E.  edulu  and  E,  A$§aif 
pleasant  beverages  are  prepared. 

Hypfivne  thcbaica,  the  Doum  Pakn  of  Egypt  (/ig.  196).  The  pericarp 
of  its  fruit  resembles  gingerbread  ;  hence  this  plant  is  sometimes  known  as 
the  Gingerbread  tree. 

LenpttMinia  Piantiba. — Tlie  persistent  petiole-bases  of  this  Palm  termi- 
nate in  long  pendulous  beards  of  bristle-like  fibres  ;  these  are  cut  off  from 
the  young  plants  after  having  been  previously  combed  out  bv  means  of  a 
rude*  comb,  and  now  form  an  importaivt  article  vf  commerce  inBraeil.  The 
fibres  are  iinown  under  the  nan!es  of  Piassaba  or  Pia^ava,  Para  Grass,  or 
Monkey  Grass.  They  are  chiefly  used  as  a  substitute  for  bristles  bv  brush- 
Miakors,  and  for  making  the  stout  brooms  now  commonly  employed  for  clean- 
ing the  streets,  &c.  Two  kinds  of  Piassaba  fibre  are  known  in' commerce- 
one,  the  finer  vai-iety,  imported  from  Para,  and  therefore  known  in  commerce 
as  Para  Piassaba,  which  is  derived  from  this  plant ;  and  a  coarser  kind  ob- 
tained from  Attalea/uttifera.  (See  Attaiea.)  According  to  Spruce,  the  pulp  of 
the  ripe  fruit  yields  a  delicious  drink,  resembling  cream  in  colour  and  taste. 

Mauritia  rmiferOy  the  Muriti  Palm,  and  Jf.  flexvosa,  yield  a  large 
quantity  of  toddy. 

Metmxylon  (Sagns). — From  the  trunks  of  M.  Sagu  or  M.  /a?i?e,  and  31, 
Rumphii,  iFie  principal  part  of  our  Sago  is  obtained;  from  the  former  as 
much  as  HOO  lbs.  may  be  procured  from  a  single  plant.  Sago  is  principally 
imported  into  this  country-  from  Singapore.  The  average  importation  for 
some  years  has  exceeded  4,000  terns.  All  the  Sago  consumed  in  this 
country  is  derived  from  these  {minis  and  Arenga  tacchariftra.  {SeeArti^a 
and  CV«Crt».) 

Phoenix. — P.  dactgli/era  is  the  Date  Palm.  The  fruits  called  Dates  are 
nutritious,  and  afford  the  principal  frjod  of  the  inhabitants  of  some  parts  of 
Africa  and  Arabia.  Animals  are  also  fed  u[)on  them.  They  are  imported 
into  this  country,  and  used  for  dessert,  but  they  are  not  so  much  esteemed 
as  they  deserve.'  They  have  been  lately  employed  as  a  food  for  cattle,  but  at 
present  their  price  is  too  high  to  allow  of  any  great  c<'nsuniption  for  such 
n  purpose.  1  hey  are  also  now  much  used  in  the  preparation  of  M'hat  has 
been  c.ilied  *  Date  Coffee.'  The  Date  Palm  is  the  Palm  commonly  referred 
to  in  Scripture.  The  juice  (ttxldy)  affords  sugar,  and  an  intoxicating 
beverage  termed  iagbi  is  also  sometimes  obtained  from  it.  The  leaves,  the 
fibres  obtained  from  the  leaf-stalks,  the  wood,  and  in  fact  nearly  every  part 
of  this  palm  is  applied  to  some  useful  purjwse.— P.  ggivestrit,  the  Wild  Date 
Palm,  is  the  plant  from  which  the  largest  quantity  of  palm  sugar  is  ob- 
tained. It  is  a  native  of  India,  where  it  is  8aid*180,000,000  pounds  of 
sugar  are  annually  extracted  from  it.  Palm  sugar  resembles  cane  sugar 
in  flavour.  The  total  amount  of  palm  sugar  obtaine<l  from  the  different 
kinds  of  Palms  has  been  estimatetl  by  Johnston,  at  220,000,000  poimds^ 
— P.farini/era  yields  an  inferior  kind  of  Sago,  which  is  used  in  some  parts 
of  India. 

Phgtelej)has  macrocarpa. — The  hard  albumen  of  the  seed  of  this  Palm 
constitutes  the  vegetable  ivory  of  commerce ;  this  is  used  extensivelv  by  the 
turners  ;  but  their  principal  consumption  is  for  button-making,  fhey  are 
usually  imported  from  Guayaquil.  The  fruits  are  supposed  to  present  some 
resemblance  to  negroes'  heads,  and  are  hence  termed  Vabeza  del  negro. 

Raphia  Ruffia. — The  integument  peeled  off  the  young  leaves  of  this 
palm  is  said  to  constitute  the  substance  known  as  Manilla  Boat  and  Rtifthia 
Bast^  which  is  used  as  a  tving  material  by  gardeners. 

Seaforthia  elegans. — This  Palm  produces  the  Moreton  Bay  canes  of  com- 
merce. 

££2 
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Natural  Order  268.  JtnrcAonrACE^. — The  Aitow-(^ 
Order.  — C  h  a  r  a  c  t  e  r. — Herbs,  growing  in  marshes.  Leaves  with 
parallel  veins.  Flowers  perfect,  whitish  or  greenish.  Perianth 
small,  more  or  less  scaly,  inferior,  in  two  whoris,  each  containing 
three  pieces.  Stamens  6  ;  anthers  usually  extrorse.  Carpds 
3 — 6,  separate  or  more  or  less  united  ;  ovules  1 — 2.  Fruit  dry, 
ultimately  separating  into  as  many  parts  as  there  ara  carpeb. 
Seeds  attached  to  axile  or  basal  placentas,  exalbuminous ;  embryo 
straight,  with  a  lateral  cleft  {figs.  756  and  757). 

jSistrihution,  Examples,  and  Numbers, — The  plants  of  this 
order  are  found  more  or  less  in  nearly  all  parts  of  the  world, 
but  are  most  abundant  in  temperate  and  cold  regions.  JEaumiples 
of  the  Geitera : — Triglochin,  Potamogeton,  Ouvixandnk  There 
are  about  50  species. 

Properties  and  Uses. — Of  little  importance. 

Ouviramdra  feneatralit,  a  natire  of  Madaganear,  is  commonly  knowo 
Tinder  the  name  of  the  Lattice-leaf  plant,  from  its  leares  r^emblni^  open 
lattice-work.  Its  roots  are  of  a  fleshy  farinaceoas  natnre,  and  form  an 
article  of  food  ;  hence  the  name  Ouvirandmm^  bv  which  the  plant  is  known 
in  Madagascar,  the  literal  meaning  of  which  is  Water-yam. 

Natural  Order  269.  Alismace^. — The  Alisma  Order. — 
Character.  — Swamp  or  floating  plants.  Leaves  narrow  or  with 
an  expanded   lamina,    parallel-veined.     Flowers  perfect  {figs. 


Fio.  1078. 


Fio.  1079. 


fig.  1078.  Flower  of  a  species  of  Alisma,  with  an  inferior  perianth,  arranged 
in  two  whorls,  each  consisting  of  three  parts;  six  stamens ;  and  nuneroos 
separate  c&rpels. Fig.  1079.  Vertical  section  of  the  same  flower. 

1078  and  1079)  or  very  rarely  unisexual.  Perianth  inferior, 
arranged  in  two  whorls,  each  consisting  of  three  parts  {fig.  1078) ; 
the  outer  whorl  herbaceous,  the  inner  coloured.  Stamens  {figl 
1078)  few  or  niunerous  ;  anthers  introrse.  Ovaries  several  {fig. 
1078),  superior,  1-celled  ;  ovules  solitary  or  2-superposed ;  pta- 
centas  axile  or  basal  {fig,  1079).  Fruit  dry.  Seeds  without  albu- 
men ;  embryo  undivided,  curved. 
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DMriinUion,  Exan^Ua,  and  Nnmbtn. — Thew  pUnta  ara  prui> 
cipalljr  found  in  the  northern  parts  of  the  world.  Exampki  of 
the  Oeiiera : — AliBma,  Sagittaria,  Aotinocarpua.  These  ue  the 
onlj  geoera ;  there  about  60  speciea. 

Propertia  and  U»e». — Of  little  importtutce.  Many  have 
fleshy  or  mealy  rhizomes,  which  are  edible  when  cooked.  Others 
posatas  astringent  properties.  Alitma  PlaiUago  had  formerly  a 
reputation  aa  a  remedy  in  hydrophobia. 

Natural  Order  270.    Botomac-Ea— The  Butomiis  or  Plover- 


—Aquatic  phuita  with  porallel- 


Fio.  1080. 


Pio.  1081. 


ing  Rush  Order.'— Chari 
veined      leaves,       sometimes 
milky.     FUnoen  perfect  (Jigt. 
631  and  1080),  showy.     Peri- 
anth inferior,    of    six    pieces, 
arranged   in   two   whorts  {Jig. 
1030),  the  inner  being  coloured. 
aiament  few  (Jig.  1080)  or  nu- 
memuH.     Ovaries  superior  (Jig. 
1080),  3-6  (Jig.  587)  or  more, 
more   or  less  distinct ;    ortila    ' 
numerous,   arranged   all   over 
the  inner  surface  of  the  ovaries 
(Jig.  631).    J-Vui(  many-seeded,   jn^.  jom.  a 
■epnrating  more  or  less  when      (Axionu  r 

ripe  into  as  many  parts  as  there      ^^^^^  ,„  „^,^-^,^.  ,„„ 
are  component  carpels.     Seeds     VntlcaJ  HcUoa  al  tbe  wed. 
without  albumen  (^.  1081). 

Diilribuli/in,  Examples,  and  Nwnben. — A  few  plants  of  this 
order  occtir  in  tropical  countries,  but  the  greater  number  inhabit 
the  northern  parts  of  the  world.  Examptet  of  the  Genera : — 
ButoniuB,  Limnochoris.     There  are  about  7  species. 

Frnpertiet  and  Uies.—Oi  little  importance,  fiutumtu  wnbA- 
latus,  the  Flowerinjit  Rush,  possesses  acrid  and  bitter  properties, 
and  was  at  one  time  used  in  medicine.  The  roasted  rhizomes 
are  edible. 

3.  Diclines. 

Natural  Order  271.  PAHoANAnE*.— The  Screw-pine  Order. 
—Character.— Palm-like  trta  {Jig.  188,  2)  or  dhruhs.  Ltate* 
slieathing,  imbricate,  and  spirally  arranged  in  3  rows,  simple  or 
jiiiinate.  Flovirra  unisenial  or  polyganious,  numerous,  arranged 
on  a  spadix,  with  many  spathaceous  bracts.  Ferianth  absent 
or  scaly.  Stamen*  numerous ;  anthen  2— 4-celled.  Ovaria 
1-celled  ;  oindts  solitary  or  numerous,  on  parietal  placental. 
Fniit  consisting  of  a  number  of  1-seeded  fibrous  drupaceous  car- 
pels, or  baccate,  and  many-celled,  and  many-seeded.  Embryo 
minute,  solid,  at  the  base  of  fleshy  albumen. 

Z>utri&ufton,  ExamjiUt,  and  jVitm6w».— Exclusively  ttopiual 
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plants.      Examples  of  the    Chnera : — PandanuB,    CarladovicaL 
There  are  about  75  species. 

Properties  ai\d  Uses, — None  possess  any  very  active  properties. 
Pandanus  has  edible  seeds.  The  juice  which  flows  from  the 
wounded  spadioes  of  Nipa,  when  fermented,  furnishes  a  kind  of 
wine.  The  fruit  of  Nipa  fruticans  is  the  Atap  of  India.  The 
young  unexpanded  leaves  of  Carhidovica  pcUmata  furnish  the 
material  employed  in  the  manufacture  of  Panama  hats. 

Natural  Order  272.  Typhacb^ — The  Bulrush  Order. — 
Character. — Herbs  growing  in  watery  places.  LeoAses  rigid* 
linear,  sessile,  parallel-veined.  Flowers  monoecious,  arranged 
.  on  a  spadix,  or  in  heads  without  a  spathe.  No  true  perianth, 
merely  scales  or  hairs.  Male  flower  with  1 — 6  distinct  or  mon- 
adelphous  stamens,  with  long  filaments,  and  innate  anthers. 
Female  flower  a  solitary  1-celled  carpel,  with  a  single  pendulous 
ovule.  Fndt  indehiscent.  Seed  with  mealy  albumen  ;  embryo 
axial  with  a  cleft  on  the  side  ;  radkle  next  the  hilum. 

Distributum,  EtcampkSy  Mui  Nximhers. — ^A  few  are  found  in 
tropical  and  warm  climates,  but  they  are  most  abundant  in  the 
northern  parts  of  the  world.  Examples  of  the  Qeiiera : — ^Typha, 
Spargaiiium.  These  are  the  only  genera  ;  they  include  about  13 
species. 

PropeiHes  and  Uses.  — Unimportant. 

Ti/pha. — The  young  shoots  of  T.  iatifolia  and  T.  angtutifoUa  are  some- 
times boiled,  and  eaten  like  Aspnrn^iis ;  their  rhizomes  are  also  edible ; 
and  their  pollen  is  inflauiiuable.  The  pollen  of  some  species  of  Typha  is 
edible  ;  thus  that  of  T.  elephatrthta  is  made  into  a  kind  of  bread  in  bcinde, 
and  that  of  T.  utilis  in  New  Zealand.  Some  species  are  said  to  be  astringent 
and  diuretic. 

Natural  Order  273.  Arace^. — Tlie  Arum  Order. — Cha- 
racter.— Herbs  or  shnibs  with  an  acrid  juice,  and  subterranean 
tubers,  corms,  or  rhizomes  {fly.  1082).  Leaves  sheathing  (Ji/j, 
1082,  I)  J  usually  net- veined,  simple  or  rarely  compound.  Flowers 
raonoBcious,  arranged  on  a  spadix  {figs.  398  and  1083)  within  a 
Hpathe  (Jig.  398),  Peii^nth  none  (fig.  1083).  Male  flower : — 
Stamens  few  or  numerous  ;  anthers  extrorse,  sessile  (fig.  409)  or 
upon  very  short  filaments.  Female  flawer : — Ovary  (Jig.  1084) 
1-celled,  or  rarely  3  or  more  celled.  Frfiit  succulent  (fig.  1082,  c). 
Seeds  pulpy,  with  mealy  or  fleshy  albumen  (fig.  1085)  or  rarely 
exalbuminous  ;  embryo  axial,  slit  on  one  side.     (See  Acoracex.) 

Distribution,  Examples,  and  Numbers. — They  abound  iu  tro- 
pical countries,  but  a  few  also  occur  in  cold  and  temperate 
regions.  Examples  of  the  Geiiera: — Arum,  Caladium,  Richardia. 
There  are  about  170  species. 

Properties  and  Uses. — The  plants  of  this  order  are  all  more  or 
less  acrid,  and  often  highly  poisonous.  But  tliis  acrid  principle 
is  frequently  volatile,  or  decomposed  by  heat ;  hence  it  may  be 
in  such  cases  more  or  less  destroyed  by  drying  or  exposing  to  heat 


tbe  p&rta  in  which  it  ii  found.    The  bsat  method  of  getting  rid 
of  tlie  acridity  vt,  however,  by  boiling  in  water,  as  the  acrid 
matter  is  aL^u  commonly  aotnble  in  that  fluid.     Starch  is  uiually 
Fio.  1082.  Fio.  loss. 


a^wociated  with  the  acrid  principle,  and  when  extracted  may  be 
used  tor  food  like  other  Btarchee.  The  undergroimtl  atcnis  or  cormn 
i:if  many  species,  when  cooked,  are  eaten  in  different  parts  of  the 
world. 

Arivema  atrnrvbrni,  Drtgon-RcNit,  [ndi«n  Turaip. — FroiD  the  corm  of 
thiMplaut  aniiiritiouafeiulaisobtiiioedin  theUnitedRtstea.     The  corm  in 

■lTeciii<ii4,  unci  Is  likewise  uged  extensively  u  an  ■ppllcalion  to  aphthoua 
(ifreiMioni>  In  children. 

Aram. — The  underfcrnund  sterna  oreorms  of  aomeorthe  specie*  of  ihis 

SminconlaiD  »l»rge(|uantityof  M»reh;  tliunlbotent  A,  matnlaliHit,  Wake- 
obiri,  Cuckoo.piiit,or  Lords  nnil  Ladies,  a  common  native  of  this  countn", 
are  ihe  a.  urce  of  what  has  been  called  Portland  Sajro  or  Arrowroot  s  I 
p^ck  of  corms  yieldlnji  about  3  lbs.  of  starch.  But  Ihe  preparation  of  tbii 
Blnrch  is  now,'  in  a  rommercial  jwiot  of  view,  Kiren  up.  Formerly  the 
ciTms  were  oaed  inciticiaally  as  diuretics  and  expectorant".  When  tntb, 
lliev  art  as  an  irritant  poison. — A.  coaipaHnlatiim  and  A.  nidiciin  produce 
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edible.    They  are  lomciiinea,  but  i' 
countries.     (See  Dioteorea.) 

Cilaaitia, — C.  cuulmla  nnd  other  apedM  hmve  l»rg«  fleshy  comu  whiefa 
■nmacb  uaed  Id  the  West  ladies.  Madeira,  ftc,  ufoud,  under  the  ounesof 
Ysnia  (lee  Caladium  bicoior),  Cocnet,  or  Eddoei, — C.  AtHo/awit  ba*  alaa 
edible  corms.  They  are  used  Tor  food  in  the  HiiDaln}ru.~C.  antiq^onat  it 
applied  to  a  like  purpoae  in  Egypt,  and  the  cormi  of  C.  macrorkixa  are  abo 
eaten  in  Ihe  Soutli  Sen  iBlandi  uader  tbe  name  of  Tari. 

Rhaphidaphora  vititntii,  which  is  probablj'  a  variety  of  R.  ptrUaa,  b 
■tated  by  UoJmeB  to  be  the  botanicil  aoarce  of  tbe  fibnnu  portion  of  tbt 
remedy  now  known  under  the  name  of 'Tonga.' and  which  i«  larfply  uaed 
as  a  rsmedv  in  neuraipa.  1 1>  native  name  ii  'nai  yaln,'  or  'walu.'  A. 
W.  Gerrard^aa  found  thia  portion  to  contun  a  volatile  alkaloid,  vbich  be 
hai  named  limgiia.  llie  othrr  constituent  of  Tonga  la  said  to  ba  tbe  inner 
bark  of  Pronai  tailetaii.     (See  Prmw.) 

Natural  Order  274.  PiwiACBi;  or  Lehitacks. — The  Dnt^- 
weed  Order. — Character.^Floating  aquatic  plant*  (Jig.  247), 
with  lenticular  or  lobed  leaves  or  fronds.  Flowtr*  2  or  3,  en- 
closed in  a  spathe  (^.  1086),  moncecioua,  placed  on  the  margin 


{fig.  247)  or  Burfaceof  the  frond,  orinthe  axils  of  leaves.  Ptri- 
anift none.  Male fioi-xrvit'hl[jig.  1086) ora few Htamena,  which 
are  often  monadelphoua.  FejacUefimceT  conaiating  of  b  1-celled 
ovai7  (fig.  1087),  with  one  or  more  erect  ovules.  Fruit  1-  or  more 
seeded,  membratioua  or  baccate,  indehiscent  or  Bometimes  de- 
hiscent.    Embryo  straight,  cleft,  in  the  axis  of  fleshy  albumen. 

IHHTUndUm,  ExampUt,  Numbers,  and  PropertUs. — They  in- 
habit cool,  temperate,  and  tropical  regions.  Exmni^ea  of  tht 
Geiura: — Lenma,  Pistia,  There  are  above  20  ipeciea.  Their 
propertieB  are  unimportant. 
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Natural  Order  276.  Suadauxx. — The  Pondweed  Order. — 
Cbftracter,  —  Aquatic  plants  with  jointed  cellular  item*. 
Leavti  with  interpetiolar  membranous  atipulea.  floioera  unall, 
uniBexual  Uig».  1088  and  1089).  FtriarUh  either  wanting  or 
preaent,  and  compoBed  of  2  or  4  parts.  Stamvm  few,  hypogy- 
noui ;  poUen  globoae.  Ovaries  1  or  more,  superior  {Jig.  1089)  ; 
oruU  aolitarr  (Jig.  1090).  Fruit  1-ceUed,  1-seeded  (Jg.  1091). 
Setd  exalbuminouB  ;  embryo  with  a,  lateral  cleft. 

FiQ.  1088. 


Diririf>iUi</n,  E-ramplet,  and  PmjXTfifi.^ Chiefly  found  in 
extra-triipical  regions.  Examplai  of  tht  Genera : — Naiaa,  Zanni- 
chellia.     They  hare  no  known  uaea. 

Natural  Order  376.  ZoiiTEaACB£.— The  Sea-wrack  Order. — 
Dui^iintie. — This  ia  a  small  order  of  marine  plants  with  the 
habit  of  Sea-weeds.  They  are  usually  associated  with  the 
NaiadacoFB,  but  from  which  the^  are  principally  distdnguiflhed 
by  their  filamentous  or  conferroid  pollen,  and  alfo,  commonly, 
by  the  complete  absence  of  a  perianth. 

Distribution,  ExampUi,  and  Nwmben.—Tiiej  are  widely  dis- 
tributed in  the  ocean  in  various  quarters  of  the  globe.  ExampUa 
iif  iheGeimyi;— Amphibolis,  ZoBtera.   There  are  about  12  species. 

Properties  mid  [/»ea.^Their  properties  are  of  little  importance. 


wrack,  i 


iTnon  DM  fiir  packing,  iihI  for  >tnff- 
ne  <if  Alva  {trim  or  Alga)  marina. 
linking,  but  it  is  a  very  unioiuble 
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Natural  Order  277.  TitiURiDACEiE. — The  Triuris  Order. — 
Dia4:ino8i8. — This  is  a  small  order  of  pbnts  closely  allied 
to  l^aiadaceae,  but  usually  to  be  distinguished  by  its  rudimentary 
embryo.     The  flowers  are,  also,  sometimes  perfect. 

IHstrihiition,  Examples^  Numbers,  and  Properties, — Exclu- 
sively found  in  warm  and  tropical  regions.  Examples  of  the 
Genera : — Triuris,  Sciaphila.  There  are  8  species.  Their  pro- 
perties and  uses  are  unknown. 

Natural  Order  278.  Hydrochakidacb^, — The  Hydrocharis 
or  Frog-bit  Order. — Character. — Aquatic  plants.  Flowers 
spathaceous,  regular,  dioecious  or  polygamous.  Perianth  supe- 
rior, in  1  or  2  whorls,  each  composed  of  3  pieces,  the  inner 
petaloid.  <S>iam€^w  few  or  numerous.  Oixirj/ inferior,  1 — 9-celled. 
Fruit  indehiscent.     8eeds  numerous,  exalbuminous. 

Distribution,  Examples,  Numbers,  and  Properties. — Inhabi- 
tants of  fresh  water  in  Europe,  North  America,  East  Indies,  and 
New  Holland.  Examples  of  the  Gemera: — Anacharis,  Vallis- 
neria,  Hydrocharis.  There  are  about  25  species.  Their  pro- 
perties are  unimportant. 

Natural  Order  279.  REsriACEiE. — The  Kestio  Order. — 
Character.  —  He rbs  or  under-shrubs.  Leaves  sim pie  and  nar- 
row, or  entirely  absent.  Stems  stiff,  either  naked,  or  more 
commonly  with  slit  equitant  leaf-sheaths.  Flowers  with  gluma- 
ceous  bracts,  spiked  or  aggregated,  generally  unisexual.  No 
true  perianth,  its  place  being  usually  supplied  by  glumes, 
tStametis  2—3,  adherent  to  4 — 0  glumes,  or  the  latter  are  some- 
times absent ;  anthers  generally  1-celled.  Ovary  1 — 3-celled,  with 
1  pendulous  ovule  in  each  cell.  Fndt  capsular  or  nut-like.  Seeds 
albuminous,  without  hairs  ;  embnjo  lenticular,  terminal. 

D'tstrilniiion,  Examples,  and  Nnmhers, — Natives  principally 
of  South  Africa,  South  America,  and  Australia.  Some  are  also 
found  in  the  tropical  parts  of  Asia  ;  but  none  occur  in  Europe. 
Ex-amples  of  the  Genera ;— Leptocarpus,  Restio.  There  are  about 
180  species. 

Properties  and  Uses- — Unimportant.  The  wiry  stems  of  some 
species  have  been  used  for  basket-making,  &c.,  and  for  thatching. 

Natural  Order  280.  Eriocaulace*. — The  Eriocaulon  or 
Pipewort  Order. — Character. — Aquatic  or  marsh  plants. 
Leaves  clustered,  linear,  usually  grass-like.  Flowers  minute, 
unisexual,  in  dense  heads,  each  flower  arising  from  the  axil  of  a 
membranous  bract.  Pen<inth  tubular,  2 — 3-toothed  or  lobed. 
Stamens  2 — G  ;  anthers  2-celled,  introrse.  Ovary  superior,  2 — 3- 
celled.  Fruit  dehiscent,  2 — 3-celled,  2 — 3-seeded.  Seeds  pendu- 
lous, albuminous,  hairy  or  winged  ;   embryo  lenticular,  terminal. 

Distribution,  Ex^tmple^,  Numbers,  and  Properties, — Mostly 
natives  of  tropical  America,  and  the  North  of  Australia.  One 
species  is  found  in  Britain — Eriocaulon  septang^tlare.  The  order 
contains  about  200  species.     Their  properties  are  unimportant. 

Natural    Order    281.      Diwvaitxiace^  —  The    Bristlewort 
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Order.  —  Cbaracter.  —  Snull  Sedge-like  herbt,  withMbKOona 

gheatliing  Uava.  FUiwtri  glnmaceous,  enclosed  in  k  apathe. 
Qlvmea  1  or  2.  Pales,  niiiie,  or  1  or  2  Bcalea  parallel  with  the 
glumes.  .Stamens  1  or  very  rarely  2  ;  anthert  1-celled.  Carpel* 
1—18,  diAtinct  or  mors  or  le»  united,  with  1  stigmn  mnd  1 
pendulous  ovule  in  ench  ovary.  Fruit  composed  of  u  mftnjr 
utTicleBaathereorecarpeU.  iSeeitialbuminous  ;  emj>ri/u  lenticular, 
terjiiinal. 

Dittributinn,  Example*,  NunAen,  and  Fropertia. — Natives  of 
Australia  and  the  South  Sea  Islands.  Examples  of  lite  Oenera: — 
Desvauxia,  Aphella,  There  are  about  15  specie^.  Their  pro 
perties  and  uses  are  unknown. 


Sub-class  II.    Glumacex  or  GburUferie. 

Natural  Order  282.  CrPERiCtt— The  Sedge  Order. — 
Character.— Grass-like  or  Rush-iiLe  herbs  (Jut.  231).  Ultnta 
solid,  without  joints  or  partitions,  frequently  angular  (jig.  1092), 
Laicea  without  ligules,  and  with  entire  or  closed  tubular  sheaths 
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round  the  stem  (fiy.  1092).  Floirera  spiked,  imhricato,  perfect 
iJig.  1095)  or  unisexual  {jiija.  1093  and  1091),  each  arising  from 
the  axil  of  1^3  bracts  or  glumes.  The  lowermost  glumes  are  fre- 
quently empty,  that  is,  without  flowers  in  their  axils.  Ptrioiith 
absent,  or  existing  in  the  feoiale  flowers  in  the  form  of  a  tube 
(periyyniiim)  (jig.  1094,  v),  or  as  hypogynous  scales  or  briatl«a 
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.  (Jig.  1096,  b).  StamtntiijpogyTioniiJig.  1095),1 — 12,  commoalr 
a  {fig»-  10^  and  1^0^) :  anthert  2<c«lled,  imiAte  (Jigt.  1093  and 
icf95).  Ovary  1-cellecl,  nuparior  (Jig.  1096),  with  1  erect  anfttro- 
pou«  OTule,  Fruit  indehiaoent,  l-weded  (jig.  1096).  Seed  wjth 
fleshy  or  menlj'  albumen  {fig.  1096,  alb)  ;  etainyo  lenticulaT  (,figa. 
1096,  pi,  and  1097),  enclosed  in  the  bue  of  the  albumen  (jIg. 
1096). 

IHHHbiilion,  Examplei,  and  lumbers.- — NativeB  cif  all  partt 
of  the  world,  and  founa  eepeciaUj'  in  marshes,  ditches,  and  about 
running  atreama.  Examplei  of  the  Otiura : — Carex,  Rhynoo- 
apora,  Kchtenue,  CUtdium,  Scirpus,  Papjrua,  There  are  aboat 
2,000  species. 
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Properfiei  ai\d  Usee. — Although  doaely  allied  in  their  bota- 
nical diaractera  to  the  Grauiinacen,  the  Cyperacste  are  alto- 
gether deficient  in  the  nutritive  and  other  qualities  which  render 
the  plants  of  that  order  so  etuinently  serviceable  to  man  and 
other  animals.  Indeed  the  order  generally  is  remarkable  for 
the  absence  of  any  important  properties.  Some  of  the  plants 
are  slightly  aromatic,  stomachic,  and  diaphoretic,  others  da- 
mulcent  and  alterative,  and  a  few  have  been  used  for  economic 
purposes.  The  underground  stems  of  certain  species  are  edible 
when  roasted  or  boiled.  Some  of  the  species  by  spreading 
through  the  sand  of  the  sea-shore,  and  tiius  binding  it  together, 
prevent  it  from  being  washed  away  by  the  receding  waves,  and  in 
this  way  protect  the  neighbouring  coast  from  encroaclunents  of 
the  sea.     (See  also  Properties  and  Utea  of  the  Qramuuittit,  p»ga 
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Cortx. — The  crrepiDg  ileni*  of  C.  amaria  uiil  some  illied  ipecln  hara 
been  used  medic iniill>'  u  lubslitutu  lur  urufiarill*,  under  tbe  luiiie  of 
GermiD  SaruparilU. — C.  hirla,  C.  prmtni,  ■iiiloth«r\  ire  known  in  dlffiirRit 
districts  under  Ihe  n»rae  rf  'Csrnstion  Gruio.'  They  haye  erriHWOiuly 
been  lappomd  In  cause  the  illaeaK  termed  '  Kot '  in  iheep. 

Ciptna. — The  rhliomei,  tubers,  nr  comu  of  C.  Jongoi,  C.  mtiauiitt.  C 
ptrlenmiM,  and  C.  tKnltnliu,  have  been  employed  in  medicine,  and  refcarded 
as  aromatic  tonic,  diaphurelic,  diuretic,  (lid  utringent.  Tbe  corma  or 
t  uben  of  C  wn/tntM  are,  under  the  name  of  CAh/h  or  KarIA  Almmdi,  uud 
a»  food  in  the  South  of  Europe,  more  eipecially  in  Spain,  and  when  roasted 
have  been  proposed  ag  a  aubstilute  for  co (Tee  and  cocoa.  Thev  are  known  by 
the  French,  aa  SoDcbet  Comerliblc  (Kuth  KntV  Their  chief  use  in  hot 
Kuropeaa  elimatea  i)  for  makine  an  orxeat,  a  rermhinjc  acid  drluk  in  hot 
weather.  The  bdled  ootmii  of  C.  hulbaw  are  alto  edible,  and  are  aaid  to 
taste  like  potatoea. — C.  IcrlUit  it  used  fur  making  rope*,  &c.,  in  India. 

Hriiipl>r>r<tm. — The  apeciea  of  this  Keniia  are  commonly  known  under  tbe 
name  of  CottOQ-)rra«»i,  from  their  fruila  tieinK  lurrounded  by  cottotiy  ot 
downy  hain.  Thew  hain  are  eometimea  used  for  atuffing  ciuhiona,  ka. 
llieir'leaves  are  reputed  to  powe»  astringent  pcopertin. 

PapvrH.—P.  nilnlica  or  F.  mgn^iaca.  the  iJulruah  of  tbe  Nile  and  the 
Paper  Kred  of  Ihe  amientu,  is  llie  true  Papyrus  of  tbe  KKyptians,  and  tbe 
one  commonly  crown  in  botanical  Bardens  under  that  name  is  the  Syrian 
" "  "     ■  ■'«■«).    The  plan- 
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le  ancients  for  making  a  kind  of  paper.  These  ah 
e  remaikabie  for  tbeir  durability.  The  Plpvr 
maimK  ropes,  boats,  mats,  tic.  Tbe  Sicilian 
species  P.  litiltana,  has  likewise  l>een  em- 
ployed for  making  paper. — P.torgnbom  is 
extetwively  used  in  India  for  Ihe  manufacture 
of  Ihe  celebrated  Indian  mattinif, 

Scirpri. — Various  species  of  Ibis  genua, 
as  .S,  laniUit  and  S.  Tabimmminiiaiia,  &c., 
are  much  employed,  like  the  cominun  Hushes, 
for   mats,  chair- bottoms,    baskets. 
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Natural  Order  283.  GnAMiifiCR^. 
—The  Gnu»  Order.— Character.— 
Herbi,  Arabt,  or  arbonaceiU  platUs. 
with  round,  coinmonly  hollow  (Jig. 
197),  Jointed  itema.  Leaves  alternate, 
with  split  sheaths  (,Jigs.  360,  g,  and 
1098),  and  a  ligule  at  the  base  of  the 
lamina  (Jig.  369,  tig).  FUnixrs  perfect 
or  uniseiuftl,  arranged  in  spiked  (jig. 
4-13),  panicled  (fig.  414),  or  racemose 
loctisbe ;  or  solitary.  No  true  peri- 
anth, ita  place  being  supplied  bj 
imbricated  bracts,  of  which  there  are 
commonly  2,  called  glttmes,  or  rarely 
1 ;  these  glumes  are  placed  at  the  bue 
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at  the  base  of  ewh  locosta  (Jigs.  400  and  1099,  gl,  gl,  and  1100,. 
m,  gi).  Occasionally  the  gluniae  are  altogether  absent.  Eacb 
So'er  is  also  usually  furnished  with  two  other  alternate  bracts 
(jtaUx)  (Jigt.  1100,  y«,  pi,  and  1102  and   1103),  (or  sometime* 


comApondlDC  to  die  ph 


the  inner  paleA  pt  is  wanting)  ;  and  S  or  3  acales  {Uidieiiitt, 
»}iMimi(to,  or  gUintiUiUs)  (figt.  1099,  ji,  p,  and  1101,  p),  theee 
scales  also  are  occasionally  abseat.  IStameiu  1 — 6,  or  more, 
frequently  3  {^.  1101-1103) ;  JUammta  capillary  (j^i.  500  and 
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1102)  ;  aiithtri  vertiAl]le(fi<jj.  600  and  696).  Ororj  BUperior  (_/tsf . 
1101),  1-eelled,  with  a  Bolitary  ascending  iivule  ;  nfigniui  feathery 
or  hairy  (Jigii.  59t>Biid  1101).  Fniil  a  oaryopsiB  (Jiga.  607  Mid  608), 
Stfd  with  mealy  Albumen  {Jig-  698,  a)  ;  embryo  lenticnlar  (fig. 
1104),  lying  on  one  lide  at  the  base  of  the  albumen  (fig.  698, 

<:,  y,  >■)■ 

Diagtmiii. — Leaves  otteniate,  with  iplit  sheaths,  and  a  ligule 
at  the  base  uf  the  lamina.  Flowers  generally  arranged  in  spike- 
lets  or  JcMustffi,  or  rarely  solitary.  Flonera  gluniacenui  ;  palee 
usually  two  in  each  flower.  Stamens  few,  frequently  3,  with 
capillary  filaments,  and  versatile  anthers.  Ovary  Superior ; 
stigmas  featheij  or  hairy.  Fruit  a  caryupeis.  Seed  with  mealy 
albumen. 

Distribution,,  ExampUi,  and  JVtHnfcert.— Grasses  are  univer- 
sally distributed  over  the  globe.  In  temperate  and  cold  climates 
they  are  herbaceous  and  of  moderate  height,  while  in  tropical 
countries  they  become  shrubby  and  arborescent,  and  sometimes 
grow  to  the  height  of  50  or  60  feet.  Grasses  usually  grow 
together  in  large  masses,  and  thus  form  the  verdure  of  great 
tracts  of  soil ;  and  hence  have  been  termed  social  plants.  Ex- 
ampUs  of  the  Oeii^ra; — Phalaris,  Stipa,  Arundo,  Avena,  Festuca, 
Triticum,  Hordeum,  Saccharuni.     There  are  over  4,000  species, 

Propertict  and  Uits. — Of  all  the  ordere  in  the  Vegetable 
Kingdom  this  is  the  most  iiniiortant  to  man,  as  it  affords  the 
various  fruits,  commonly  known  as  Cereal  Grains,  which 
supply  the  principal  material  of  his  doily  bread  in  moat  countries 
of  the  world  ;  besides  being  eminently  serviceable  in  other 
respects,  by  supplying  fodder  for  cattle,  and  yielding  sugar  and 
other  very  useful  products.  It  is  a  remarkable  fact  that  the 
native  countries  of  our  more  important  Cereals  or  Com-produc- 
ing  plants  are  altogether  unknown.  A  few  of  the  Grasses  yield 
fragrant  volatile  oils.  Paper  has  long  been  made  from  the 
Bamboo  in  India,  China,  and  some  other  parts  of  the  world  ; 
and  straw  is  now  largely  employed  for  a  like  purpose  in  this 
country  and  elsewhere.  Other  Grasses  have  also,  within  the 
last  few  years,  been  used  to  a  great  extent  for  making  paper. 
Almost  all  Grasses  are  wholesome,  but  one  or  more  species 
of  Hrumui  have  been  erroneously  reputed  to  be  purgative, 
and  one,  Lfiliiim  tcmufcTttum,  is  said  to  be  narcotic  and 
poisonous.  The  powerful  properties  of  the  latter  grass  may 
jwssibly  be  due  to  its  becoming  ergotised,  as  its  effects  upon  the 
system  closely  resemble  those  produced  by  the  common  Ergot. 
Puspalum  Krobiculatum,  an  Indian  species,  is  also  said  to  be  some- 
times unwholesome.  Biipa  libiri-^  in  Kashmir,  Stipa  inelrriatui 
in  Mongolia,  and  several  of  the  Melica  of  South  Africa,  have  also 
been  recently  described  as  deleterious  Grasses.  Further  experi- 
ments upon  Lolittm  and  the  other  supposed  deleterious  Grassei 
are  desirable.  Some  of  the  species  serve  to  bind  together  the  sand 
on  the  seashore,  and  thus  prevent  the  encroachment  of  the  seft 
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on  the  neighbouring  coast.     (See  ako  Properties  ai\d  Uaes  of  the 
Cyperctcess,  page  716.) 

j^Ufms  ovata. — This  grato  has  of  late  years  become  noted  in  conse- 
Quenco  of  M.  Esprit  Fabre  having  stated  tliat  the  varieties  of  cultivated 
Wheat  were  derived  from  it  and  uCgUops  cordata.  This  is  not  strictly  correct, 
however,  for  the  plants  grown  b^  M.  Fabre,  and  the  grains  of  which  ulti- 
mately assumed  the  form  of  cultivated  Wheat,  were  produced  bv  hybridiaa- 
tion  l>etween  a  species  of  Triticum  and  uSqilopM  ovata,  the  result  being  the 
formation  of  a  variety  of  jEgUopa,  called  JEgilop§  triticoidea.  The  seeds  of 
this,  by  caltivation  for  about  twelve  years,  are  said  to  produce  a  g^rase  like 
ordinary  Wheat ;  but  it  is  not  clear  that  prolonged  cultivation  for  a  series 
of  years  has  shown  any  tendency  in  jEffUopa  ovata  towards  improvement. 

AndropogoH.^  Several  species  of  this  genus  are  remarkable  for  their 
agreeable  odours.    This  fragrance  is  due  to  the  presence  of  volatile  oils,  of 
which  several  are  used  medicinally  and  in  perfumery.    These  oils  are  com- 
monly known  under  the  general  name  of  Gnus  Oiu  or  Indian  Gnus  Oils, 
Those  which  are  distilled  from  the  fresh  plants  of  A,  Nardas,  Linn.,  A, 
eitratus^  DC.,  and  A.pachnodesy  Trin.  (^A.  Schananthus,  Linn.),  are  official 
in  the  Pharmacopoeia  of  India. — Andrcpogon  citratus^  Indian  Lem.m  Grass, 
is  the  source  of  LemoH- Grass  Oil,  which  is  also  termed  Oil  of  Verbena  and 
Indian  Melissa  OH.    The  plant  yielding  it  is  largely  cultivated  in  Ceylon 
and  in  the  gardens  of  India.    Lemon-Grass  Oil  is  much  employed  in  per- 
fumery under  the  name  of  oil  of  verbena,  from  its  odour  resembling  the  Sweet 
Verbena  or  Lemon  Plant  of  our  gardens.     (See  Ahysia  (Lipfda)  citriodoru.} 
It  is  spoken  highly  of  in  India  as  an  external  application  in  rheumatism, 
&c.,  and  for  internal  use  in  cholera.    It  possesses  stimulant,  carminative, 
antispasmodic,  and  diaphoretic  properties.    The  fresh  leaves  are  sometimes 
used  as  a  substitute  for  tea,  and  the  centre  of  the  stems  for  tiavouring  curries, 
&c. — Cetrone'la  OU  or  Oil  of  Citmnelle  h  the  produce  of  Andropogon  Nardus, 
It  is  employed  in  perfumery  in  England,  &c.,  and  in  its  medicinal  properties 
it  closel^  resembles  Lemon-Grass  Oil. — A.  pachnodes  is  the  source  of  the  oil 
known  m  India  as  R^saka-telj  or  Rusa  Oil,  It  is  also  known  as  Oil  of  Gera- 
nium, Oil  of  Ginger  Grtus,  or.  sometimes,  as  Grass  OU  of  Namur.    Oil  of 
Geranium  is  extensively  emploved  in  Turkey  to  adulterate  Otto  or  Attar  of 
Hose.    (See  Pelargonium  and  Aosa.)    It  has  similar  properties  and  uses  to 
the  two  preceding  volatile  oils. — A.  muricatus  has  flagrant  roots,  which  are 
known  under  the  names  of  Khus-Khus,  Cuscus,  or  Vetti-ver.    It  is  imported 
into  this  country  and  elsewhere,  and  used  for  scenting  baskets,  drawers,  &c 
It  is  also  reputed  in  India  to  possess  stimulant  and  diaphoretic  properties. 
A.  laniger,  Desf.,  is  the  source  of  the  drug  known  as  Schoenanthns  or  Juiuus 
odoratus. 

Anthistiria. — A.  australis  is  the  *  Kangaroo  Grass'  of  Australia^ — A, 
ci'iata  is  an  esteemed  Indian  fodder-grass. 

Arundn  Phragndtes,  the  Common  Reed. — ^The  culms  of  this  and  some 
other  species  are  much  used  for  thatohing  and  other  useful  purposes. 

Avena  sativa  is  the  Common  Oat — A  great  number  of  varieties  of  this 
species  are  cultivated  in  the  North  of  Europe,  &c.,  on  account  <^  the  grains 
(fruits),  which  are  called  Oats.  These  are  extensively  used  as  food  for 
man  and  other  animals.  Oats  deprived  of  their  husk  and  coarsely  ground 
form  Oatmeal.  When  divested  of  their  luuk  and  integuments  they  are 
called  Groats ;  and  these  when  crushed  constitute  Embden  and  Pr^artd 
Groats.    Oats  arc  also  employed  for  the  production  of  alcchoL 

Bambusa. — B.  arundinacea,  the  Bamboo,  and  other  species  of  Bambusa, 
are  applied  to  many  useful  purposes  in  warm  climates  ana  elsewhere.  Good 
paper  is  made  from  them  in  India,  China,  &c.  The  bamboo  has  been  also 
largely  exported  from  the  West  Indies  to  America,  &c,  for  the  purpose  of 
being  manufactured  into  paper,  and  some  of  very  good  quality  has  beoi 
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nude  from  it.  The  very  voiing  iihooW  are  boiled  ind  eBlen  like  A>piinigu), 
and  «™  also  unwi  for  pirklen  aiid  BweelnieaW.  Th*ir  hollow  itemi  an 
variously  rmplciyed.  In  India  and  Clilaa  the  leaven  are  reputed  to  pu«ae*9 
eininena(^;:ao  p'rnicrtie.i.  Sir  Jo^«pll  ll'lohe^eay^  that  in  mime  districts  'a 
verv  lara^  kind  of  Bamboo  ia  used  fur  water-bucketa,  another  fbr  qoiverp,  a 
thiril  for  Hutr-s  afoarili  far  walkint^ilicks,  a  Ofth  for pinilinu-work  (baskets), 
a  sixth  fi>r  arr.>w«  ;  while  a  lart^er  sort  iwrres  for  bowa.  The  yount;  shoots 
uf  one  nr  mnre  are  eaten  ;  andlheaerds  of  acother,  cither  raw  or  coolced,  ai« 
tnaile  into  a  femieated  drink.  In  China  the  Bamboo  ia  u!ied  fur  nutnermu 
pai^KWen — fur  water-pipes,  H'hinE-mls.  for  making  hat«,  >hlelils.  unihrellai>, 
mIh  of sh'iei,  baskets,  rop».  paper,  iieairulding-piil(s,trel]i9-wurk,  sails,  coven 
of  boat:',  and  Katamarnns.'  The  above  extract  will  give  some  idea  of  the 
variona  uneg  to  nhirh  the  I)amlo»i  sre  applied.  A  silirlouB  mailer  ia  mm. 
niniily  fimnd  at  thejuicta  <>f  the  bamboo,  to  which  the  lume  iS  labaihrtr  bta 
been  Ki>-en. 

CbLt  laihryiiui  ii  remarkable  for  Ita  hard  stnny  froits,  called  Job's  t«>n, 
which  arc  ^lxi  for  beadn.    They  are  bIm  reputad  to  be  diuretic. 

OarlyliirtrMpilBta  'n  the  celebrated  Turaac-Krasa  of  the  Falkland  Islands. 
It  19  an  excellent  foildcr  linm  for  cattle  and  horwa.  It  is  now  grown  to 
eonw  extent  in  Shetland  nnd  some  other  parts  of  Rritsin. 

Elt*iine.—K.  tnrarana.— The  uraina  of  thii  plant  conatitiite  one  of  th« 
mill'la  of  India  ;  in  Coromaudet  it  ia  called  Xalchna.  II  is  alfo  cultivated 
in  Japan  as  a  com  crop.     In  Sikklni  a  kind  of  beer,  called  munca  or  millH 

Faninm  and  HoIcum.)—E.  Tnc*ui>  i)  an  Abyninian  plant.  Its  graina  are 
lined  for  food  undi-r  the  name  of  Tnctisr'. 

nyBtriHBi. — U.ar^ntruin  la  the  elegant  Pampaa-grau. — G.iaccharoidti, 
a  Brazilian  sppcieii,  contains  much  sugar. 

lMetu.—H.  taaharalut  or  Sor^m  laccharalum,  ia  the  North  China 
Sugar  Cane  or  Sweet  Sorgho.  It  is  coldTnted  in  China  and  other  ciuntries 
for  the  purpose  of  extracilng  its  sugar,  of  which  li  is  said  to  yield  from  10 
to  I  .'>  per  cent.  Its  grain  iii  ealen  in  Africa,  and  is  termed  bocAiut.  The 
plant  has  been  intro-luced  into  this  country,  and  has  been  highly  recom- 
inindwi  for  cultivation  as  a  summer  forsge  fbr  cattle,  but  at  present  our 
knowlcdu-e  re«|iecting  it  will  not  allciw  of  any  positive  concluniins  upon  ita 
merits  being  arrivad  at.  It  is  now,  however,  extensively  cultivated  In  the 
Boulh  and  central  paria  of  France  as  n  fodder  crop. — H.  Sariihvm  or  Snn^ida 
vidgare,  of  which  there  arc  aereral  varieties,  ia  extentively  caltivated  in 
Africa.  India,  &c,,  for  the  lake  of  ita  grain,  which  is  known  as  Egyptian 
Com,  Ivory  Wheat. Guinea  Com.  Durni,  Turkish  Millet,  and  Jaar.  Thii 
grain  is  much  used  (or  food  in  warm  counttiea.  In  this  countrj-  it  has  also 
bfcn  employed  for  feeding  poultrj-.  The  items  are  used  in  the  manufacture 
of  carpet  bn•oul^  whiaks,  &e.    A  kind  of  beer  called  Ilouza  is  also  prepared 

Hiirdrvm,  Itarley. — Several  sfeciea  or  varietiea  are  commnniy  cultivated 
in  cold  and  temperate  dimatea  fur  their  Kralns  ;  as  /T.rfurirA'iB^  Two-rowed 
or  lj)ng-cared  Barley ;  H.  mlgare.  Here,  Bigg,  Four  rowed,  or  Spring 
Barley;  H.  ienaticA"-.  3ix-cowed  Barlev:  and  ff.  ztncHltm,  SjirHt  or 
Battledore  Barley.  Bariey  is  nsed  dieletically  In  the  manufacture  of  bread, 
and  in  the  form  of  malt  moat  extensively  in  ttie  production  of  ale,  h—     -' 


fi>r  the  latter  purposes  in  tl 
country.'  Mall  is  Barley  which  iTas  tieen  made  to  germlDate  by  moisti 
and  heat,  and  afterwards  dried,  by  wliich  the  vitality  of  the  peed 
deaiToyed.  Barley  deprived  of  ita  husk  conetitutea  Scalrh,  HtUtd.  ur  I 
Bariri,  When  lioth  bnsk  and  inteirnmenta  are  removed,  and  toe  "" 
rounded  snd  policed,  th^  form  Peart  BarttVt  which  isofficL  ' '  ''  " 
Pharmacopoeia ;  this,  when  ground,  ia  called  Paml  Bark]/. 


official  in  the  Britli h 

I.ygram  Spartuai,  a  Spanish  gra»<,  yields  the  fli 
hich  is  I'requenlly  mistaken  for  Kaparto.     (See  S> 
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Mdinia  OBttlea  in  sai'l  to  be  equal  in  value  to  Esparto  Grass  (9 
Stipa)  for  paper-making.     Its  especial  value  resides  in  the  tenacity  of  its 
fibre,  and  the  comparatively  minute  quantity  of  silica  it  contains. 

Oryza  sntiva  u  the  Rice  plant,  the  grain  of  which  Is  more  extensively  used 
for  food  than  that  of  any  other  cereal.  Starch  of  good  Quality  is  also  largely 
prepared  from  rice.  From  forty  to  fifty  varieties  of  the  Kice  plant  are  known 
and  cultivated  in  India  alone  ;  others  have  distinguished  as  many  as  160 
varieties.  Kice  appears  to  be  less  nutritive  than  the  other  cereaf  grains, 
and  to  be  of  a  more  binding  n  tture,  hence  its  use  in  diarrhoea,  &c.  Spirit 
is  sometimes  distilled  from  the  fermented  infusion  of  rice.  This  spirit  is 
frequently  called  arrack,  but  that  name  is  properly  used  only  in  reference 
to  the  spirit  di.-^tilled  from  Palm  wine  or  Toddy. 

Panicum. — P.  milittceum  yields  Indian  Millet.  The  grain  is  called  Warree 
and  Kadi-kane  in  the  East  indies. — P.  tpecUtbUe^  a  Brazilian  species,  grows 
six  or  more  feet  in  height.  *  It  is  a  favourite  fodder  grass,  and  is  commonly 
known  as  the  Angola  grass. — P.junwntoi-um  is  another  fodder  grass  called 
Guinea  grass. — P,pih»um  yields  a  grain  known  in  India  as  Bhadlee.    The 

S-ain  of  P.ftumentaceum  is  also  nutritious.  It  is  tenued  Shamoola  in  the 
eccan.  Som(>  of  the  Tartar  tribes  are  said  to  prepare  a  kind  of  beer  from 
a  species  of  Millet,  which  is  called  Bouza,  Murwa,  or  Millet-beer,  but  this  is 
probably  not  obtained  by  them  from  a  species  of  Panicum^  but  from  a  species 
of  Kleusine.     (See  Eleusine.) 

Patpalum. — P,  exile  yields  the  smallest  known  cerenl  grain.  The  grain 
is  known  on  the  West  Coast  of  Africa,  where  it  is  used  as  food,  under  the 
name  of  Fundi  or  Fundungi.  It  is  also  commonly  called  in  Sierra  Leone, 
Millet. — P.  scrobiculatum  also  yields  a  kind  of  grain,  known  in  India  as 
Menya  or  Kodro.  A  variety  of  this  grass  is  reputed  to  be  injurious  to 
cattle. 

PenicUlaria  tpicata  or  Panicum  gpicatum  is  called  Caflre  Com.  It  yields 
a  sennceable  grain,  which  is  couinionly  distini^uished  as  African  Millet. 

Penniaetum  dichoiomum. — The  grauis  of  this  gros^s  are  known  in  some 
parts  of  Western  Africa  under  the  name  of  kasheia.  They  are  uschI  there  as 
food.  In  Eg3'pt  and  Arabia  this  grass  is  employed  a.s  fodder  for  camels 
and  other  animals,  and  also  for  thatching  and  other  purposes. 

PhaLaris  canarien^is^  Canary -grass,  is  cultivated  for  its  grain,  which  is 
employed  as  food  for  birds,  under  the  name  of  Canary-  seed.  Its  straw  is  also 
valued  as  fodder  for  horses. 

Poa  abt/ssinica  is  an  Abyssinian  corn  plant,  known  under  the  name  of 
7V/f.  The  grains  are  sometimes  employed  in  the  preparation  of  Bouza  or 
Millet  beer.     (See  Eleusme.) 

Saccftarum  officinarum  is  the  Common  Sugar-cane,  so  extensively  used 
for  the  preparation  of  Cane-sugar.  Molasses  or  Golden  Si^rup  is  the  drain- 
ings  from  raw  sugar;  and  treacle  the  thick  juice  which  has  drained  from 
refined  sugar  in  the  sugar-moulds.  Caramel  is  burnt  sugar.  Sugar-candy, 
pulled  sugar,  barley-sugar,  and  hard-bake,  are  all  familiar  preparations  of 
sugar.  I^utli  molasses  and  treacle  are  capable  of  fermentation  by  yeast ; 
and  then  yield  by  distillation  rum. 

Secure  cereale.  Common  Kve,  is  much  cultivated  in  the  northern  parts  of 
the  world  for  its  grains,  which  are  extensively  employed  for  making  bread. 
Kyc  bread  retains  its  freshness  for  a  much  longer  time  than  whtateu  bread. 
QuaHs  or  WyQ  Iker  is  a  favourite  drink  in  Russia.  Kye  is  also  used  b\-  the 
distillers.  When  roasted  it  has  been  employed  as  a  substitute  fur  cciflfee. 
Rye  is  subject  to  a  disease  called  Ergot,  produced  by  the  attack  of  a  fungus 
(see  Clavicqfs),  whnn  its  grains  assume  an  elongated  and  somewhat  curved 
form.  The  diseased  grains  are  commonly  known  as  Ergot  of  Rye  or 
Spurred  Kye,  which  in  certain  doses  is  poisonous  to  man  and  other  animals. 
Medicinally,  ergot  is  given  to  excite  uterine  contractions  in  labour,  and  for 
other  purposes. 

Setaria. — S.  germintca     the  source  of  German  Millet,  and  5.  italica  of 
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Italian  Millet.    The  latter  is  also  much  used  in  India.     The  Millets  are 
largely  used  as  fond 

iftipa. — iJ?.  tenaci»»ima  or  3Iacrochloa  tenanssima,  yields  the  fibre  known 
under  the  name  of  Espurto  (»r  Alftr.  (See  Lygeum.)  This  has  been,  of  late 
years,  verv  exiensively  employed  for  paper-making.  The  imports  of  Esparto 
are  probably  over  150,(KX>  tons  annually.  It  is  collected  in  Spain,  Tunis, 
&c  Esparto  is  also  largely  used  in  Spain  for  making  matting,  card  baskets, 
&c,  ami  has  been  so  employed  ^iince  the  time  of  the  Phoenicians,  who  are 
said  to  have  used  it  extensively  for  like  purposes. — The  grain  of  S.pennatOy 
Feather  grass,  is  stated  to  be  Very  nutritious. 

Triticum. — T.  (gativum)  vulgare  is  the  Common  Wheat. — A  great  many 
varietien  of  Triticum  are  cultivated,  as  T,  aesticum.  Spring  or  Summer 
Wheat ;  T.  hubernuniy  Winter  Wheat ;  T.  cnmpositum,  Egyptian  Wheat  or 
3^1  any-eared  Wheat ;  T.  polonicum,  Polish  Wheat,  and  oth^srs.  T.  Spelta^ 
yielding  the  Spelt  varieties,  is  a  distinct  species.  The  grains  of  the  several 
varieties  of  Triticum  are  conimonlv  u^ed  in  this  and  some  other  temperate 
countries  for  making  bread,  and  f()r  their  starch.  Various  nutritious  foods 
are  also  prepared  from  wheat  grains,  as  Semolina.  Soujee,  Manna  Croup. 
Vermicelli,  Maccaroni,  Cagliari  or  Italian  Paste,  Hard's  Food,  &c. — ¥. 
rf-ptrns. — A  decoction  of  the  creeping  stems  has  been  used  with  success  in 
njucous  discharge  from  the  bladder. 

Zea  Mays  is  the  Indian  Corn  oi*  Maize  Plant.  The  grain  is  extensively 
used  in  warm  countries.  It  is  the  most  fattening  of  all  the  cereals,  but  it 
frequently  produces  diarrhoei.  The  roasted  cobs  or  ears  are  sold  in  India, 
as  chestnuts  Mimilarly  treated  are  in  this  country.  The  immature  ears  are 
soni(;times  eaten  as  a  vegetable.  Maize  meal  is  sold  under  the  name  of 
polrnta^  and  the  fine  Hour  as  maizena,  both  of  which  are  much  used  as  food 
here  and  elsewhere.  In  South  America  a  kind  of  beer,  called  Chica  or 
Maize  Be«*r,  is  made  from  the  grain,  and  is  exteasively  used.  In  Western 
Africa  a  favourite  fermented  beverage  is  aLto  prepared  from  Maize,  called 
pitto  or  peto.  The  silky  styles  and  stigmas  of  this  plant  have  been  re- 
commended as  of  service' in  gravel  and  nephritic  colic. 

Zizania  aquatica  yields  a  serviceable  grain  known  as  Canada  Rice  or 
S\^nnip  Rice.  Zizanian  straw  has  been  recommended  as  a  very  valuable 
jiaper  material,  and  a  company  has  Ijeen  formed  to  work  it  iathe  province  of 
Ontario,  the  only  province  in  which  the  plant  grows  to  any  useful  extent. 


Artifeial  Analym  of  the  NaturaX  Orders  in  tlie  Clots  Moiro' 
COTYLKDONES.     Modified  from  Lindley. 

(The  Numbers  refer  to  the  Orders  as  previously  described.) 

Sub-class  I.     Petaloid4}W. 

1.  Flowers  with  an  evident  Perianth. 

A.  Ovary  inferior  (Epigynm), 

a.  Flowers  gynandrous. 

Ovary  I -eel  led.     Placentas  parietal .        .        .     Orchidacese.    240. 
Ovary  3-ceUed.    Placentas  axile      .        .        .     Apoatasiiceae,    211. 

b.  Flowers  not  gynandrous, 

1.  Veins  of  leaves  diverging  from  the  midrib, 
and  parallel  to  each  other. 
Embryo  enclosed  in  a  vitellus. 
Anther  2-celled.     Filament  one,  not  pe- 

taloid     .......     Zingiber  acese,    248. 

Embryo  not  enclosed  in  a  vitellus. 

Anther  1-ceIled.    Filament  one        .        .    3Iarun!aretB.    244. 

8  a2 
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Anther  2-celled.  Filaments  more  than  one. 
2.  Veins  of  leaves  diverpng  from  the  base,  and 
parallel  to  the  midrib. 
Stamens  3. 

Anthers  extrorse 

Anthers  introrse 

Stamens  6. 

Anthers  extrorse 

Anthers  introrse. 

Leaves  equitant      w 

Leaves  flat. 

Fruit  1-celled      . 
Fruit  3-celled. 
Outer  whorl  of  the  perianth  petaloid. 
Radicle  next  the  hilum.    Leaves 

not  drv 

Radicle  remote  from  the  hilum. 
Leaves  dry       .... 
Outer  whorl  of  the  perianth  not  pe- 
taloid   

Stamens  more  than  6 

8.  Veins  of  leaves  reticulated. 

Flowers  unisexual 

B.  Ovary  superior  (^Hypogynm).    Leaves  parallel- 
veined. 

a.  Outer  whorl  of  the  perianth  herbaceous  or  glu- 

maceous. 
Carpels  more  or  less  distinct. 
Seeds  attached  over  the  whole  inner  walls  of 

the  fruit 

Seeds  attached  to  axile  or  basal  placentas. 
Flowers   conspicuous.      Embryo   cur\*ed, 

without  a  slit 

Flowers  inconspicuous.    Embryo  straight, 

with  a  lateral  slit 

Carpels  combined. 
Inner  whorl  of  the  perianth  different  from 
the  outer. 
Placentas  axile.     Anthers  2-celIed.    Cap- 
sule 2 — S-celled 

Placentas  parietal. 

Anthers  2-celled.     Capsule  1-celled 
Anthers  1-celled.    Capsule  1-celled 
The  outer  and  inner  whorls  of  the  perianth 
alike. 
Flowers  on  a  spadix.    Embrv'o  with  a  la- 
teral slit.        .        ,        .    '    . 
Flowers  not  on  a  spadix.    Embryo  with- 
out a  slit 

b.  Outer  whorl  of  the  perianth  petaloid,  or  the 

whole  petaloid  when  only  one  whorl  is  present. 
Carpels  more  or  less  distinct. 
Seeds  solitary.    Flowers  on  a  spadix    . 
Seeds  numerous.    Flowers  not  on  a  spadix. 

Anthers  extrors^e 

Anthers  introrse. 
Perianth  of  6  parts.    Seeds  without  al- 
bumen       .  .... 
Perianth  of  2  parts.  Seeds  with  albumen. 


Mmsacem,    245. 

Jridacem.    246. 
BurmanniaeesB.    242. 

BumuoinUicam.    242 

Hatmodomcem,    249. 

TVzcoacea?.     250. 

A  mctryllidacem,     24  7. 

Hypoxidaetm.    248. 

Bromeliacetff.     25 1 . 
Hydrocharidacesg.  278. 

Dioscoreacem,     252. 


Butomacea,     270. 

Alismacex.     269. 
JuncaginacesB.     268. 


Commefynacem.    262. 

XyridaeetB.     268. 
MayacetB,    261. 

Acoracem.    266. 
Juncacese,    265. 


Palmacese,    267. 
Melanthacem,     258. 


BHtnmaneaB,     270. 
Fhilydracem.     264. 
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Carpels  combined. 

Perianth  rolled  inwards  after  flowering. 
Aquatics Pontederactm.    260. 

Perianth  not  rolled  inwanl)  after  flower- 
ing. Perianth  minute,  with  coloured 
bracts  externally        ....     GUlietiacem.    259. 

Perianth  not  rolled  inwards  after  flow- 
ering, conspicuou.^,  without  coh>ured 

bractt) Liliacem,    257. 

C."  Ovarv  superior.     Leaves  net-veined. 

a.  Flacentcu  basal Rnxburghlacem.    255. 

b.  Placentas  nxile. 

Leaves  whorlci,  not  articulated    .        .        .     Trilliacea.    254. 
Leaves  n<it  whorled,  articulated    .         .         .     Sinilacem,     253. 

c.  Placentas  parietal Phileaiactm,     256. 


2.   FlX)WKUS    EITIIKR    NAKED,   OR  WITH     A   WHORLED  SCALY    PsRIANTH, 

GENKUALLY    UXIHEXIAL    {JJirlines). 

A.  Flowers  on  a  spadix. 

a.  Flowers  bisexual. 

Embryo  cleft Acoracem.    266. 

Embryo  solid Pawfanacem,     271. 

b.  Flowers  unisexual. 

Enibr^'o  solid Pandanactm.    271. 

Embryo  cleft  on  one  side. 
Flowers  with  a  true  spathe.    Fruit  succu- 
lent. 
Anthers  sessile,  or  nearly  so' .        .        .     Amceas.    273. 
Flowers  without  a  true  spathe.    Fniit  dry. 

Anthers  on  Imjf  Hlaments      .        .      * .     Tt^thactm.    272. 

B.  Howers  not  arranl^ed  on  an  evident  spadix. 

a.  Flowers  bisexual. 

Ovary  superi')r Juncaginacete.    268. 

Ovary  inferior Hjfdrocharidaceai.  278. 

b.  Flowers  unisexual. 

Ovules  erect. 
Embryo  perfect. 

Seed  without  albumen         .        .        .     Natadaceae.    275. 
Seed  with  albumen     ....     Pistiacete.     274. 
Embrj'o  rudimentary     ....     Triuridticeae.    277. 
Ovules  pendulous. 
Carpel  solitary. 
Seed  without  albumen. 

Pollen  ^lolK)8e Naiadacese.    275 

Pollen  filamentous  or  confervoid        .        .     Zttsteracese.    276. 

Seed  with  albumen Hestiacem.    279. 

Cai-pels  several,  distinct. 

Anthers  2-celIed.     Embryo  cleft  .        .         .     Naiadactte,    275. 
Anthers  1 -celled.     Embryo  solid  .        .        .    Vesvauxiacem,    28 L 
Car|)els  several,  combined. 
Anthers  1 -celled. 

Stamens  2— 3 Rettiaeem.    279. 

Stamen  1.    Ovarv  more  than  2-celled       .    Vesvauxiacem,    281. 
Anthers  2-celled.    ^Placentas  central. 

Seeds  with  rows  of  hairs    ....    Eriocaulacem,    280. 
Seeds  without  rows  of  hairs       .        .        .    Restiacem.    279. 
Anthers  2-celled.    Placentas  parietal  .        .    Xyridacem.    2tf8. 
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Sub-class  II.     GlumacesB  or  Glumiferx, 

Stem  solid.  Lenf-sheaths  not  slit.  Embryo  ba- 
silar, within  the  albumen         ....     Cyperacew,    282. 

Stem  hollow.  Leaf-sheaths  slit.  Embryo  basilar, 
outside  the  albumen Graminacem.    283. 


Sub-kingdom  II. 


CRYPTOGAMIA, 
ACOTYLEDONES,   OE   FLOWERLESS   PLANTS. 

Class  III.  ACOTYLEDONES. 
Sub-class  I.  Acrogenst  or  Cormophyta. 

Natural  Order  284.  Filices.— The  Fern  Order. — Charac- 
ter.— Herbs  with  rhizomat(yiis  stems  (Jig:  12);  or  arborescetit 
plants  (fig,  13),  usually  unbranched,  but  sometimes  with  a  forked 
caudex  (fig.  200).  Leaves,  or  frorujls  as  they  are  commonly  called, 
arising  irregularly  from  the  rhizome  (fi>g.  12),  or  placed  in  tufts 
at  the  apex  of  the  stem  (fig,  13)  ;  almost  always  circinate  in 
vernation  (fi^s.  12,  13,  and  292) ;  simple  (fig,  1105,  a)  or  com- 
pound (figs.  12  and  794).  Fi^ctificatian  consisting  of  sporangia 
or  capsules  (fi^s.  792  and  794),  collected  in  heaps  (sori),  which 
are  placed  usually  on  the  under  surface  (fijg,  793,  s)  or  at  the 
margins  of  the  fronds,  or  rarely  on  the  upper  surface,  or  occa- 
sionally arranged  in  a  spiked  manner  on  a  simple  or  branched 
rachis  (fig.  794)  ;  the  sort  are  either  naked  (fi4j.  792)  or  covered 
by  a  membranous  scale  (indusium)  (fig,  793).  Sporangia  stalked 
(fig-  795)  or  sessile  (fig,  1105,  6),  and  either  annulate  (fig.  796) 
or  exannulate  (fig,  1105,  />).  Spores  enclosed  in  the  sporangia 
(fi^*  795).  (For  further  particulars  upon  the  fructification  of 
Ferns,  see  pp.  356—359.) 

Division  of  the  Order  and  Examples  of  tlve  Genera,  — This  order 
is  commonly  divided  into  three  sub-orders,  which  are  frequently 
regarded  by  botanists  as  distinct  orders.  These  sub-orders  are 
called  Polypodieee,  Danseeie,  and  Ophioglosseae.  Their  charac- 
ters are  as  follows  : — 

Sub-order  1.  Polypodies  or  Polypodiac^ie, — The  Polypody  Sub- 
order or  Ferns  proper. — Fronds  circinate  in  vernation. 
Sporangia  or  capsules  more  or  less  anniilate  (^.  795), 
usually  collected  in  sori  on  the  imder  surface  or  at  tlie  margin 
of  the  fronds  (figs,  792  and  793),  or  occasionally  arranged  in 
a  spiked  manner  on  a  simple  or  branched  rachis  (fi>g.  794). 
Eocamples: — Polypodium,  Asplenium,  HymenophyUum,  Os- 
munda. 

ISub-order  2.  Danaea,  Dauaac^ae^  or  Marattiac^se, — The  Dantea 
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S lib- order.— Fronds  circinate  in  vernation,  and  all  fertile. 
Spurangia  or  cnpsulca  arising  from,  or  imbedded  in,  the  under 
Biirfaca  or  back  of  the  fronds,  mora  or  less  united,  eiannuJate. 
Example!  :—DAnrBii,  Marattia. 

Snb-orUer  3.  OphiogUiaiex  or  Ophio<iliiat<u-ex.—T\ie  Adder's- 
toiigue  Sub-order, — Fronds  not  cininate  in  Tornation,  barren 
or  fertile.  Sporangia  or  capsules  arranged  in  a  spike-like 
form  (^y.  1105,  a)  on  the  margins  of  a  contracted  frond, 
distinct,  2-valved  (Jig.  1103,  b),  exannulate.  Exatnpleg: — 
OphiogtoKanui,  Botrychium. 
Diiiriiyiitimt  aiui  A'vmier*.— The  plonta  of 

this  order  are  more  or  less  distributed  over 

the   globe,  but  they  are   most   abundant   in 

moist   temperate   regions.     In  the   northern 

hemisphere  they  are  herbaceous  plants,  but 

in  the  southern  hemisphere  and  in  the  tropica 

they  are  sometimes  arborescent,  having  sterna 

occasionally  as  much  as  forty  feet  in  height, 

and  with  the  general  habit  of  Palms.     There 

are  upwards  oT  2,000  species. 

Prupeiiifs    and     Vsfs.  —  Several   species 

have   farinac);ous  rhizorufs  or  stems,  which, 

when  roasted  or  boiletl,  are  used  as  articles 

of   food   in  some  parts  of  the   world,   but 

generally   only   in   times   of    scarcity.      Tlie 

rhizomes  of   Fter'ia  eKultnta,   Di^az'iVm   e*- 

tulcutum,  Xephradhim  wicufejidim,  and  Afn- 

rattia  alofa,  are  those  which  are  thus  princi- 
pally used,     Tlie   leaves   of   several    species 

pohneBS   slightly   bitter,  astringent,  and  aro- 
matic  propertien,   and    those    of   others   are    ^|j  '||,^] 

mucilsginoiiH.     The    rhizomes   of    some    are     thp  c^t, 

astringent  and  tonic,  and  a  few  poaxess  wtll~ 

marked  anthelmintie  properties.     The   silky 

hairs    found    on    the    rhizomes    and    lower 

portions  of  the  caudex  uf  some  species  have 

been  used  for  stuffing  cushions,  he 

mechanical  styptics. 


I  ItlpM'V''^ 


wo».wtlh»-t.l 


glAor  capsutc*. 


I    //««" 


-The 


.p«i« 


niiddUnje  CulnpialH  or  LiLtle  Cord,  ohich  ia  used  medicinallj  in   Pern. 

Adlanlt,m.—'[ke(Toaaaiin6Thizomc»o( A.  Capilhi  rnmt,TnioMBidtD- 
.  hnir.  and  thrme  nt  A.  ptititiim,ViiviidiKn  MBidfii-lia[r,paa'eiu  niucilaglnuus 
biltcr.  slijtbllyaBlrinKent.Htid  sronialic  p  op*rti«,  snd  h«ve  b«n  emplired 
a«  [lertoralii  incatarrha.  Tbe  lattni  l»nt  is  mi'st  eatwmed.  SjTOp  of  Capil- 
iHire  !■  properly  prepared,  by  iddiD^f  to  an  infuHioD  of  Mnid'^n  bstr  nrdp 
rvanr  and  oriiDi:p-Hower  vatti ;  but  It  ia  Doff  cwmmanly  miide  by  simply 

reputed  to  bnve  tonle  prnpeniei ;  and  variuua  ijuslitiea  htvi  becu  attributed 
ID  I  (h«r  iipcciea  of  Adtantam. 
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Atpldium  Jragran*. — The  fronds  poAWss  aromatic  and  slij^tly  bitter  pn>- 
perti-8,  and  have  been  u<cd  as  a  sab^titute  for  tea. 

Cibotinm. — ^The  silkv  hairs  covering  the  lower  portion  of  the  caadex  of 
C.  Barometz  or  Awpidivm  Barometz,  the  Scythian  Lamb  of  old  writers,  bara 
been  imported  under  the  nnme  of  Pahoe  Kiditmg.  Thin  has  great  repatatioo 
in  India  a8  a  styptic,  and  has  been  used  for  a  like  purpoae  (see  Cyaihm)  in 
Holland,  Germany,  and  other  countries.  It  has  also  been  e  nployed  for 
siuffinfi^  cushions,  &c.  It  is  obtained  from  Sumatra.  Analogous  hairs 
imported  from  the  Sandwich  IslandK,  under  the  name  of  Pulu,  may  be  em< 
ployed  for  similar  purposes  as  the  preceding.  Pnla  is  said  to  be*  derived 
from  three  species  of  Cibotiuni,  viz.  C.  giaucum,  C.  Chamiuoi,  and  C.  Metf 
ziesti;  but  other  species  also  produce  somewhat  similar  hairs. 

Cyeithea. — From  the  caudex  of  C.  Smithii^  a  native  of  Sumatra,  wooUy 
hairs  are  obtained,  which  are  imimrted  under  the  name  of  Pemghawar 
JJJambi ;  they  are  used  for  similar  purposes  as  Pakne  Kidang  and  PwUu. 

Lastrea, — The  dried  rhizome  with  the  ba«*e  of  the  petioles  and  porti<ms 
of  the  root  fibres  of  Ixutrea  {Atpidium  or  Aqahrodium)  FUix-miu  constitute 
the  official  Male  Fern  of  the  British  Phannacopceta.  J'his  has  been  used 
from  the  earliest  times  as  an  anthelmintic  ;  it  po^iesses  most  activity  in  a 
recent  state.  According  to  the  British  Pharmacopceia  it  should  be  collected 
in  the  summer ;  but  our  experience  and  that  of  others  is  that  the  late  autumn 
is  the  best  time.  The  rhizome  of  L.  margtMa'.e  (^Atpidium  wvtrgutafe,  Sw  ), 
a  native  of  the  United  States,  is  said  to  possess  similar  properties.  The  rhi- 
zome of  LoMtrea  {Aspidium)  Athamauttcum,  under  the  names  of  Panna  and 
Uncttmocomo,  is  ab<4>  much  esteemed  by  the  Zulus  as  an  anthelmintic 

Ophutg'o8*nm  vu/gatum,ihf  Common  Adder's- tongue, has  been  emplfiyed 
as  a  vulnerary.  In  some  parts  of  England  it  is  useJ  in  the  preparation  of  a 
pojtulur  ointment. 

Otmundu  regalis^  the  Flowering  or  Royiil  Fern. — In  Westmoreland  and 
some  parts  of  Lnnca^hire,  this  plant  is  known  under  the  name  of  'bog 
onion.'  The  rhizomes  when  beaten  and  macerated  all  ni..;ht  in  cold  sprii^^ 
water  are  much  esteemed  as  an  application  to  bruises,  sprains,  &c. 

Polypodium. — The  rhizomes  of  P.  (nlaguala.  Genuine  or  Slender  Cala- 
guala ;  of  P.  cruitsi/olium,  Thick  CtibiguttJa  or  Deer's  Tongue  ;  and  those 
of  Acro»tichum  Uuacsaro  (see  Acrostichum)^  are  used  n>edicinally  in  Peni, 
and  are  said  to  possess  budorifi**.  diuretic,  febrifugal,  and  ami-venereal  pro- 
perties.— P.  Phymatodes. — The  fronds,  under  the  names  of*  Male  Fern,*  and 
*  Female  Fern,'  are  emph)yed  in  Siberia  for  nephritis,  dysuria,  and  other 
kidney  complaints. 

Pleri*  aquilina^  the  Common  Brake,  is  reputed  to  possess  anthelmintic 
properties. 

Natural  Order  285.  Equlsetace^. — The  Horsetail  Order. 
— Character. — Herhaceoxts  plants  with  striated  hollow- jointed 
simple  or  verticillately  branched  aerial  siliceous  stems,  arising 
from  slender  creeping  rliizomes  or  underground  stems.  The 
joints  surrounded  by  membranous  toothed  sheaths  (Jig.  11), 
wliich  are  regarded  by  some  botanists  as  modified  leaves,  but 
generally  the  plants  of  the  order  are  considered  leafless.  When 
branched,  the  branches  arise  in  a  whorled  manner  from  beneath 
the  axils  of  the  teeth  of  the  sheaths  and  correspond  in  number  ' 
with  them.  Steins  barren  or  fertile.  Fmctiflcation  borne  in 
cone-like  or  club-shaped  masses  at  the  termination  of  tlie  stem 
{flg.  11).  Each  mass  is  composed  of  peltate  scales  bearing 
numerous  sporangia  or  capsitles  on  their  under  surface  (Jig.  799), 
each  of  which  dehisces  internally  by  a  longitudinal  fiasure. 
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ftpores  surrounded,  hj  elnetic  clubahaped  elaten  (fiiji.  800  ajid 
6U1).  (See  page  359  for  a  more  detailed  account  of  the  fractifi- 
cation.) 

Dittributum,  Exam/iles,  and  Namben  — The«e  planta  are 
found  in  lunrshy  or  waiery  places  in  most  parta  of  the  world. 
There  ia  but  one  genus  {Equigetwn),  wliicn  includes  about  10 
species,  must  of  which  are  indigenous. 

Frofifdifa  aitd  Uxa.^Of  little  importance  either  in  a  medical 
or  ecinoiuic  point  of  view.  They  were  formerly  regarded  ai 
alightlj  astringent,  diuretic,  and  emmenagogue,  but  are  never 
emiiloyed  in  medicine  at  the  present  da;.  The  rhizomes  contain 
a  grHjd  deal  of  starchy  inatturs  in  the  winter  months,  and  might 
therefore,  in  case  of  need,  be  used  as  food,  like  those  of  some 
ferns.  Silica  is  abundant  in  their  epidermal  tissiics  :  this  is 
especially  the  case  in  Efmixfum  hyemale,  Rough  IlDrse-tail, 
which  is  largely  imported  fn)m  Holland  under  the  name  of 
Dutch  RuHlieB,  and  employed  by  cabinet  makers,  ivory  turners, 
and  others,  fc.r  smoothing  the  surfaces  of  their  work. 

Natural  Order  280.  Marhileacb^. — ThePepperwortOrder. 
— Character,— .^gtiofic  herds  with  small  floating  or  creeping 

Flo.  IIM. 


stems  (fiy.  1106),  from  which  arise  sessile  (Jig.  HOG)  or  stalked 
leaves  (/{(.  361).  Leans  with  circinate  vernation  {fi^.  1106). 
FrvMfiraU-'u  at  the  bwe  of  the  leaves  {fig.  1106),  and  con- 
sisting of  stalked  valvular  sporocarps  {fig».  802,  80B,  and  806) 
enclosing  antheridia  in  which  a  number  of  small  spores  (tnicro- 
tpiiref)  are  contained  {Jig.  803),  and  sporangia  {Jig.  804),  both 
of  which  are  either  contained  in  the  same  cavity  (}yj.  802)  or  in 
separate  sacs  {Jig.  806).     (See  pages  360—362.) 

DielTihiilkin,  Example),  and  Nvmben. — They  are  widely  dis- 
tributed, but  are  moat  abundant  in  temperate  rc^oni.    Ex- 
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amples  of  the  Genera ;— Pilularia,  Marsilea.  There  are  about  20 
species. 

Properties  aiid  Uses. — Of  little  importance.  Marsilea  Ma^ 
cropus  IS  known  in  Australia  as  the  Nardoo  plant.  The  sporo- 
carps  contain  starchy  matter ;  these  are  pounded,  and  used  in 
the  same  way  as  flour. 

,  Natural  Order  287.  Lycopodiacb^b. — The  Club-moss  Order. 
— C haracter. — Herbaceoiis plants,  usually  resembling  Mosses, 
and  either  terrestrial  with  creeping  stems  {fig.  1107)  and  forked 
ramification  (fig,   10),   or  aqiiatic  plants  with  corm-like  stems 

Fig.  1107. 


Fig.  1107.  Lycopodium  inundiitum,  Mar^h  Club-moss.    The  stem  is  creeping, 
and  bears  numerotu  small  senile  imbricated  leaves. 


{fi^.  1108).  Leaves  sessile,  usually  small  and  imbricated  (fig. 
1107),  but  sometimes  tufted  (fig.  1108)  and  linear-cylindrical. 
Fructification  in  the  axil  of  leaves  or  scales  (figs.  807  and  808),  or 
immersed  in  their  substance,  often  spicate  (fig.  10)  :  consisting 
of  either  one  kind  of  sporangium  only,  called  the  antheriditim 
or  microsporanginm  (fi^g.  809)  ;  or  commonly  of  two  kinds  of 
sporangia— the  microsparangiaf  as  ju3t  mentioned,  and  others 
called  the  macrosporang^ia  (fig.  810).  The  microsporangia  (fig. 
809)  contain  a  number  of  small  spores  (microspores)  ;  and  the 
macrosporangia  enclose  4  large  spores  (macrospores)  (fig.  810). 
(See  pages  362  and  3C3.) 

Distribution,  Exampks,   and  Numbers. — They  are   almost 
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imiretsalljr  diffused,  occurring  in  cold,   temperftte,  and  warm 

climates.     E-xum}Aa    of    the    GeHeru.'^Lycopodimn,    Isoetoa. 
There  are  about  200  specie*. 

Prtiperfiesand  Vtet. — Alany  species  contain  an  acrid  prinraple. 
In  moderate  dosea  the^  are  frequoutly  emetic  and  purgative, 


btit  ill  large  doses  tliey  occasionally  produce  pojsououi  effects. 
SiinieHre  reputed  to  poBseiui  aphrodisiac  properties.  The  spores 
of  BCTeral  are  inflammable. 

Lgn^mdaim. — /..  cbinifHM.  tliGCommoDCIu  b-mon,  ptnsrinni  well-mark  rd 
cmclic  Hnd  purKitivc  iiroiirrtie't.  and  is  hIbo  repuled  lo  b«  diuretic  and  rni- 
ni<'iini:''f:ue.  Tbe  sponw  haVB  Iwcn  employed  externally  Tor  tlipir  absnrbent 
i|unlitiin,  in  eryslpelna  nnd  vnrinus  ciitnnewa  nHecli['n<>;  and  when  tnkeii, 
they  lire  aniJ  to' be  diuretic,  fedulivc.  snd  deniuicrDt.  These  npare*  srefifn 
vel  ow  culiinr,  snd  are  wnnetiino  kniiwn  is  vrytiab't  nljiknr.  Besides  tbeir 
UM  in  TDHlicine,  ■■  just  alluded  tn,  Ihpyare  m-es-ionnllv  employed  in  phw 
niicy  fiir  cnverintc  pilK  the  ol  jeet  mujrbl  beinei  to  render  them  tutalen 
and  [invent  Iheir  adbrring  tocplher.  Lycnpodiuni  npnres.  hoirever.  fhini 
their  inHaminsbla  nature,  an  principally  U!>>d  in  the  preparatioD  of  Bre- 
Hork*.  and  for  Ibe  produeliun  of  arlitidul  lititinilifC  at  tbe  theatres,  Ac^ — 
/,.  Siiugn  hu  similai  mediciaal  properties,  bul  it  lometimea  acts  as  a  4|^^ 
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Fig.  1109. 


cotico-acrid  poison.    The  spores  are  of  a  like  inflammable  nature  to  those 
of  A.  ciavatum. — L.  catharticum  is  said  to  be  a  powerful  purgative. 

Natural  Order  288.  Musci. — The  Moss  Order. — C haracter. 
-^Cellular  plants  {figs.  8,  9,  and  814),  terrestrial  or  aquatic,  with 
^rect  or  creeping  stems,  and  usually  spirally  imbricated  leaves 
(fig.  1109).  Reproductive  organs  of  two  kinds,  called  antheridia 
and  archegonia  (see  pages  303-366),  which  are  either  placed  on 
the  same  or  on  separate  plants  (fi^s.  8  and  9)  ;  hence  these  plants 
are  moncecUms  or  dioicious.    The  aiitheridinm  (Jig.  811)  is  a  more 

or  less  rounded,  elliptic,  or  cylindrical  sac, 
containing,  when  mature,  a  number  of 
mipute  cells  (zootJi^cas),  each  of  which  en- 
closes a  spirally  twisted  filament  (anthero- 
zoid).  The  arclw.gonium  is  usually  a  flask* 
shaped  body  (fig,  812),  which  after  fertili- 
sation developes  an  urn-shaped  sporangium 
(figs.  813-815),  with  a  central  columella 
(fig.  819);  tlie  space  between  which  and 
the  walls  of  the  sporangium  being  occupied 
by  spores,  without  any  elaters  among  them. 
The  sporangium  or  capsule  is  commonly 
placed  on  a  stalk  (seta)  (figs.  813,  t,  and  814, 
p)y  or  occasicmally  it  is  sessile  (fig.  1109), 
and  at  first  is  covered  by  a  hood  (nalyptra) 
(figs.  814  and  815,  c),  beneath  which  is  a  kind 
of  lid  (operculum)  (figs.  816,  o,  and  817). 
The  sporangium  usually  opens  when  ripe  in 
Fig.  1109.  A  portion  of  An-  » transversa  manner  from  the  separation  of 
drflw  rMyi«'r?>.  much  mag-  the  operculum  (fi^s.  816,  o,  and  817),  or 
mfled    tik;  stem  i^  ervct.   sometimes  by  splitting  vertically  into  four 

with  numerous  small  im-  ,        i       "^      i  •   t     *  *:     -i      .      . 

bricatod  loaves,  and  n  t«r.   equal  valves,  which  are  connected  at  the 
fninai  siioraiigium.  which   gammit  by  the  i>er8istent  oi:)erculum  (fig. 

8piJ^^"um'"arter  d^^hte^  11<^»  «)  5  ^r  rarely  it  dehisces  irregularly. 
cena.  showing  the  4  Mjuai   At  the  dehiscence  of  the  sporangium,  its 

summit  by  the  persistent   rounded  by  a  peristome,  consisting  of  one 
operculum.  Thcyaivesaro   (aploperistomou^)  or  two   rows  (diploperi- 

seen  to  have  del lisced  ver-    \i  \    e±     j.x//j;     atn      \  li^  a^ 

ticaiiy.   (After  Hooker.)     f<<wio^'«)  of  teeth  (^.  816,  |)) ;  or  th©  mouth 

is  naked  (gymnosttmious)  (fig.  815). 

Divisi>on  of  the  Order  and  ICxamples 
of  the  Genera. — This  order  is  commonly  divided  into  four  sub- 
orders, the  principal  distinctive  characters  of  which  are  as 
follow  : — 

Sub-order  1.  Sphagnacesi  or  SphagnesR, — Bog-mosses. — Capsule 
globular,  surrounded  at  the  base  by  the  calyptra  ;  the  colu- 
mella does  not  reach  to  the  apex  of  the  capsule.  The  only 
genus  is  Sphagnum,  which  is  found  on  boggy  inoors  and  in 

.    damp  woods. 
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Sub-onlor  2.   AtiArreaeete  oi  ^4 iw(r«e«. —Split- mosseB. — Sporan- 
fjiuiii  Kjitittinf;  vertically  into  four  valves,  but  remaining  con- 
nected  at    the   ■ummit.       Ejiampte»  : — AndroA  {fig.    1100}, 
Acroschisma. 
Snb-iirder  3.   PhiiMai-tit   or   Phaxea. — The   capsule    doM    rot 
burst  :  the  npores  escaping  by  the  decay  of  the  wall  of  the 
Bporangiiim.     Exixmp'es :— Phascum,  Ephemenmi. 
Sub-ordiT   4.    Br^mva'.^Um-moaiies. — Sporangiuni,    which   it 
generiilly  borne  "iwm  a  seta  of  conaiderablo  Itnt'th,  dehiscing 
trauBvenety  by  the  separation  of  the  operculum.     This  aub- 
otder  includes  vttry  many  genera,  e.g.  Funaria,  Polytrichum. 
DislrihutUin  aitd  NianbfTS. — They  are  generally  diffused  over 
the  slube,  hut  most  abundantly  in  temperate  cliuiatea.     There 
are  aoout  1,260  species. 

Pritjieriits  atid  Utes. — Of  little  importance  either  in  a  medi- 
cal or  economic  point  r>f  view.     Some  species  are  reputed  to 
rieaa  astringent  and  diuretic  proiierties,  but  none  are  employed 
.    the  medical  practitioner  in   this  conn'  "" 

Hj^nijnwm  furnish  food  to  the  reindeer,  an 
polar  regions. 

Nature!  Order  289.  Hbpaticacb.b.— The  Liverwort  Order 
(see  pages  360-369),— Character.— SmaW  ixUidar planU,  either 
with  a  creeping  stem  bearing  minute  imbricated  leaves  (Jig.  1110) 
or  with  a  lubed  thajloid  expansion  (Jigs-  820  and  822).     Bepra- 


a  species  of 


dtictice  organi  of  two  kinds,  called  antheridiit  and  archtgonia, 
which  are  either  on  the  same  plant  or  on  different  ones  ;  nence 
these  plants  are  moiueciuiis  or  diteeioiit.  The  antheriilia  aro 
small,  oval,  globular,  or  flask-shaped,  cellular  sacs  (_fig.  821), 
situated  in  the  axils  of  leaves,  or  immersed  in  the  frond,  or 
imbedded  in  the  upper  surface  of  peltate  or  discoid  staUced 
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receptacles  (fig,  820,  r).  The  arcliegonia  (fig,  823)  are  usually 
somewhat  flask-shaped  bodies,  which  are  imbedded  in  the  fronds, 
or  contained  in  receptacles  (fi^.  822,  r)  which  are  elevated  on 
stalks  (fi^.  822,  s)  above  the  thaUus.  Each  archegonium  de- 
velopes  after  fertilisation  a  sporangium,  which  either  bursts  by 
valves  (fig.  1111),  or  teeth,  or  by  irregular  fissums.  The 
sporangium  is  usually  without  a  columella,  and  contains  spores 
mixed  with  elaters  (fi^.  824) ;  or  it  is  furnished  with  a  thread- 
like columella,  and  contains  spores  and  no  elaters,  or  the  latter 
are  imperfect ;  or  it  has  neither  elaters  nor  columella. 

Division  of  the  Order  athd  Examples  of  the  Genera, — This  order 
may  be  divided  as  follows  : — 

Sub-order  1.  JungermanniaceoR  or  Jungermanniex,  —  Scale- 
mosses. — Sporangia  oval ;  without  a  columella;  splitting  veiv 
tically  by  4  valves  (fig.  1111).  Spores  mixed  with  ebiters. 
Examples : — Blasia,  Jungermannia. 

Sub-order  2.  Anthoceroteae.  —  Sporangia  pod-shaped  ;  1  —  2- 
valved  ;  with  a  filiform  columella.  Spores  either  mixed  with 
imperfect  elaters,  or  these  are  absent.  Examples : — ^Anthoceros, 
Monoclea. 

Sub-order  3.  Marchantiacese  or  Marchantiex. —  Liverworts. — 
Sporangia  without  valves ;  bursting  irregularly  or  by  teeth  ; 
without  a  columella.  Spores  mixed  with  elaters  (fig.  824). 
Examples : — Fimbriaria,  Marchantia. 

Sub-order  4.  Ricciacese  or  Miecieie. — Crystal  worts. — Sporangia 
without  valves  ;  bursting  irregularly ;  without  a  columella. 
Spores  not  mixed  with  elaters.  Examples : — Riccia,  Sphsero- 
carpus. 

Distribution  and  Numbers.  —  The  plants  of  this  order  are 
generally  diffused  over  the  globe,  but  they  are  most  abundant  in 
damp  shady  places  in  tropical  climates.  There  are  about  700 
species. 

Properties  and  Uses. — Of  no  importance,  although  some  have 
been  used  in  liver  complaints,  and  other  species,  as  Marchantia 
hemispliericay  have  been  employed,  in  the  form  of  poultices,  in 
dropsy. 


Artificial  Analysis  of  the  Natural  Orders  in  the  Sub-class 
AcbooknjX  or  Cormophfta, 

(The  Numbers  refer  to  the  Orders.) 

1.  With  a  distinct  stem  or  axis. 
A.  Leafy  plants, 

a.  Sporangia  on  the  back  or  margins  of  the 

fronds,  or  on  metaraorphofied  leaves  .        .     Filicet,    284. 

b.  Sporangia  arranged  in  or  near  the  axils  of 

leaves,  or  immersed  in  their  substance. 
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1,  Nut  enolvoed  id  gporocarps. 

SpiirangJA  lewilf,  without  ■  calvptn  .  LyrBpodiann.     !67. 

S|«raDgU  so  ile,  with  a  calvpirs      ,  .  iliud.     2«8, 

Sr«rnngiB  etalked,  with  ■  calvptn  .  .  ^uei'.    iSS. 

2.  Knclowd  in  eporocar|i9. 

Spurea  not  inixerl  with  daleni       .        .    ManUtaoai.     286. 

SpurM  mixed  with  elntcra      .        .        .    HrpalUartm.     289. 
B.   LraJhM  iila«ll. 

stem  ilniple  or  with  whorled  branches. 
yructiflcHtiiin  terminal,  ia  club-ibsped  or 

cone-likv  niaweg Eouiietacta.     285. 

2.  With  no  distinct  .lem  or  axi^ 

Ki>  true  leaver,  but  forming  a  gr«cn  tballoid 

expaniioD Hrpatkaam.     289. 

Sitb-cliLBB  II.     TlniUophyta  or  ThaHogenx. 

Natural  Order  2D0.  Fusoi.— The  Mushroom  Order.— Dio- 
gnvnU.  Phtuts  furmedof  hyphal  tissue,  producing  their  fructid- 
cation  in  the  air  ;  growiu);  in  or  upon  decaying  organic  matter* 
(in  which  case  they  are  termed  »iii>rty>Ay(e»),  or  on  living  organisms 
(when  they  are  termed  jMimntes),  and  nourished  through  their 

Jsgetativi;  structure  called  the  spaicn  or  ntycelium  {Jig.  829  a, 
).  The  Fungi,  as  here  dufiitud,  are  also  destitute  <if  green 
luring  matter  and  starch,  Fn/tctijicatiun  various.  (See  pages 
370-378,  andyiaa.  825-838.) 

DUtributiuit,  Exampht,  and  NwtAfn. — Thej  abound  in  all 
jiarts  of  the  world  except  the  very  coldest,  where  their  spawn 
would  tw  destroyed.  EatmpUt  of  tht  Genera:  —  ARaricus, 
Torula,  Puccinia,  Uredo,  Botrytis,  Morchella,  Tuber,  Mucor. 
The  number  of  s^tecies  is  estimated  at  over  4,000.  There  are 
about  800  British  species, 

Pri'pfrtles  (iiul  Usei.^Fungi  have  very  variable  properties. 
Some  are  medicinal,  others  edible,  and  numerous  species  are  more 
or  less  poisonous.  Many  deaths  have  occurred  from  poisonous 
Fungi  having  been  mistaken  for  edible  ones ;  and,  apart  from 
their  botanical  characters,  suience  as  yet  affords  no  certain  charac- 
teristics by  wliich  tliey  may  be  distinguished.  Some  general 
characters,  however,  will  enable  us  lu  most  cases  to  do  so ;  these 
may  be  tabulated  as  follows  : — 

Edible  MHthnxmu. 


"SL 


1.  Grow  wUtarv  in  drv  airv  places. 

•>.  (ienenlly  white  orlirownish. 

U.  Have  a  cwmpacc  brittle  Hnli. 

4.  l>a  nut  change  colour  when  cut  by  the  ai 

b.  Juice  watery. 

C.  Oilour  aureenhU, 
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Poisonoui  Muihroovts. 

1.  Grow  iu  clusters,  in  woods,  and  dark  damp  places. 

2.  Usually  with  bright  colours. 
8.  Flesh  touph,  soft^  and  watery. 

4.  Acquire  a  brown,  green,  or  blue  tint,  when  cut  and  exposed  to  the  air. 

5.  J  nice  often  milky. 

6.  Odour  commonly  powerful  and  disagreeable. 

7.  Have  an  acrid,  astringent,  acid,  salt,  or  bitter  taste. 

All  Fungi  should  be  also  avoided  which  insects  will  not  touch, 
and  those  which  have  scales  or  spots  on  their  surface  ;  and, 
whatever  may  be  their  apparent  properties,  all  those  which 
have  arrived  at  their  full  development,  or  when  they  exhibit 
any  signs  of  cliange,  should  be  used  with  caution.  When  there 
is  any  doubt  as  to  the  qualities  of  the  mushrooms,  it  is  advisable 
to  cut  them  into  slices,  and  macerate  them  in  vinegar  and  water 
for  about  an  hour,  then  wash  them  in  boiling  water  previous  to 
their  being  cooked.  It  has  been  proved  that  many  injurious 
Fungi  lose  their  poisonous  properties  when  thus  treated.  It  is 
quite  true  that,  by  following  strictly  the  above  rules,  edible 
species  will  not  unfrequently  be  thrown  away,  but  this  is  of  little 
comparative  importance,  as  by  so  doing  all  injurious  ones  will 
certainly  be  rejected.  Probably  the  best  tests  given  above  are, 
to  avoid  those  which  are  milky,  or  which  have  a  biting  or  acrid 
taste,  or  those  which  have  a  powerful  or  disagreeable  odour. 
Colour  will  frequently  fail  us,  for  while  some  snowy- white  Fungi 
are  poisonous,  others,  which  are  highly  coloured,  as,  for  instance, 
Agariciis  aesareus,  are,  according  to  Berkeley,  at  once  the  most 
splendid  and  the  best  of  the  esculent  Fungi. 

Professor  Schiff,  of  Florence,  states  that  the  poisonous 
mushrooms  have  a  common  poison  which  he  has  termed  miM- 
cariney  and  that  its  effects  are  counteracted  either  by  atropia  or 
daturia  ;  and  it  is  said  that  Italian  apothecaries  now  keep  these 
alkaloids  in  the  rural  districts  where  the  consumption  of  these 
poisonous  Fungi  is  probable.  But  no  confirmation  of  these 
results  has  as  yet  been  arrived  at  by  other  experimenters. 

The  species  or  varieties  of  Fungi  most  commonly  consumed  in 
this  country  are  :  the  Common  Mushroom  {Agaricus  (Psalliota) 
campestri^)  and  its  varieties — those  which  are  cultivated  should 
be  preferred ;  Againcus  (Psalliota)  arvensiSj  Agaricus  (Marctsmins) 
oreadesy  the  Champignon,  Morctt^lla  escuJentay  the  Morel,  Tuber 
ciharlumy  the  Truffle,  and  several  species  of  BoUitis.  Dr.  Badham 
and  others  have  proved  that  much  valuable  food  is  thrown  away 
in  this  country  by  the  rejection  of  edible  Fungi.  Dr.  Badham 
enumerates  no  less  than  thirty  species  of  Fungi  which  are  natives 
of  Britain,  and  which  were  eaten  by  himself  and  friends ;  and  in 
the  first  part  of  Cooke's  *  Handbook  of  British  Fungi,'  no  less 
than  sixteen  species  belonging  to  the  genus  Agaricus  alone  are 
stated  to  be  esculent.  In  France,  Russia,  Italy,  Germany,  and 
other  countries,  several  Fungi  are  also  eaten  which  are  regarded 
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bj  UB  as  poisonoui.  It  i*  difficult  to  aocount  for  theie  coaflicltng 
atstements,  but  we  believe  that  the  differencM  obserred  in  tha 
effect))  of  Fungi  are  due  to  variationa  of  soil  and  climate,  the 
condition*  under  which  the;  are  grown,  the  different  state*,  fresh, 
dried,  or  preserved,  in  which  they  are  eaten,  manner  of  cooking, 
and  the  peculiar  idioajncrasies  of  individuiila  who  partake  of 
them.  Even  the  common  Mushroom  ia  sometimes  poisonous, 
and  in  Italy,  Hungary,  and  eUewhare,  is  generally  avoided. 
We  congider,  therefore,  that,  with  our  present  knowledge,  it  ia 
better  to  abstain  altogether  from  Fungi  when  there  exuts  the 
aligbteat  doubt  of  their  qualities. 

In  a  chemical  point  of  view  the  Fungi  are  reoiarkable  for  the 
large  proportion  of  water  which  enten  into  their  compoaition,  by 
their  containing  much  nitrogen,  and  being  rich  in  phosphate*. 

Medicinally,  Fungi  have  been  regarded  as  aphrodisiac,  nar- 
cotic, tonic,  astringent,  emetic,  purgative,  &c.  Ergot  of  rye  (see 
SecaU  ctrK/Ue,  page  722),  which  is  used  medicinally  to  excite 
uterine  contntctiona  in  Ubour,  and  for  other  purposes,  is  now 
proved  to  be  the  sclHrotium  {compact  mycelium  or  spawn)  of 
Clavicept  purpurea.  Wheat  and  a  number  of  other  grawes  are 
also  frequently  ergotised. 

Fungi  are  often  very  destructive  to  living  plants  and  ani- 
mals by  growing  upon  them.  Thus,  in  plants,  the  diseases 
known  as  blight,  mildew,  ruat,  smut,  vine-mildew,  potato-disease, 
ergot,  and  others,  are  either  caused  from,  or  accelerated  by,  the 
agency  of  Fungi.  Many  valuable  communications  attempting 
to  prove  that  Fungi  are  either  the  cause  of,  or  the  means  of 
propagating,  various  diseases  in  the  human  subject,  have  been 
also  made  during  the  last  few  years,  and  there  can  be  no  doubt 
but  that  Fungi  are  associated  with  several  cutaneous  and  other 
diseases  to  which  the  human  body  is  liable.  In  some  cases  of 
diphtheria  recently  referred  to  in  the  '  British  Medical  Journal ' 
by  Dr.  N.  W.  Taylor,  he  states  that  the  only  apparent  source 
of  the  disease  was  the  mouldiness  of  the  walls  caused  by  the 

gi>Juction  of  Coprinva  domeaticiu  and  a  form  of  Aiptryiihu. 
erkeleyalso  informed  Dr.  Taylor,  that  when  he  was  at  Lille  in 
1838,  at  which  time  inSueuza  was  very  fatal,  it  was  supposed  ti) 
arise  from  the  apores  of  some  species  of  CoprtHUf.  The  great 
success  of  the  antiseptic  treatment,  first  introduced  by  Professor 
Lister,  and  since  carried  out  by  him  with  such  enet^,  skill,  and 
ability,  is  also  duo  to  its  preventing  the  growths  of  such  Fungi 
as  the  Bacteria  in  the  discharges  of  wounds,  in  which  otherwise 
they  would  cause  putrefaction.  The  action  of  Fungi  in  disease 
is  now  under  investigation  by  accurate  and  discriminating  ob- 
servers, and  promises  to  throw  much  light  on  our  knowledge 
of  the  causes  and  propagation  of  various  diseases  ;  it  is  one  re- 
plete with  interest,  but  which  cannot  be  entertained  further  in 
this  volume. 

In  the  same  way  various  diseases  of  animals  generally  ar« 
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either  caused,  or  accelerated,  by  the  attadu  of  Fangi.  Thtu 
the  disease  in  the  silkworm,  known  under  the  name  of  mw- 
eanUne,  is  produced  by  one  or  more  species  of  BotryHt.  Similar 
diseases  also  occur  in  other  animals.  CaterpiUafs  are  freqnoitly 
attacked  by  species  of  Sphseria  or  Clavicepa,  in  China,  Australia, 
New  Zealand,  and  elsewhere,  and  ultimately  destroyed.  The 
mucous  membrane  of  birds  is  also  commonly  infested  with 
Fungi  of  various  kinds.  The  disease  called  Dry  Rot,  which  fre- 
quently occurs  in  wood,  is  especially  caused  by  dampness,  and 
the  subsequent  development  of  the  spores  of  such  Fungi  as  those 
of  Meruliiis  lacrymans  and  M.  vastatoTj  and  Polyparus  detiructor. 
The  different  kinds  of  Moulds  which  are  found  on  bread,  cheese, 
preserves,  fruits,  paper,  books,  and  various  other  substances,  are 
also  Fungi  of  the  species  Mucor,  Botrjrtis,  Aspergillus,  Peni- 
cillium,  Oidium,  &c. 

An  interesting  matter  connected  with  the  action  of  Fungi 
on  organic  matters  is  also  afforded  by  the  process  of  fermentation, 
which  is  now  commonly  regarded  as  being  essentially  caiised  by 
Fungi.  Thus,  Pasteur  iias  demonstrated  that  the  fermentatioa 
of  saccharine  fluids  is  due  to  the  development  in  them  of  the 
Yeast  plant,  and  the  butyric  fermentation  to  the  growth  of 
Bacteria. 

AgaricuM. — Agaricug  campestris,  the  Common  Mushroom,  and  its  varie- 
ties ;  A,  arvensis,  A.  oreadex,  the  Champij^on,  A,  deliciosu*^  A,  cspnamtj 
and  A.  procerus,  &c. — are  largely  used  for  food  in  this  and  other  parte  of  the 
world.  (See  Properties  and  U»es  of  Fungi,  page  736.)  The  subterranean 
mycelium  of  various  f-pecies  of  Agcarictu,  as  that  of  A.  omida,  A.  prttnmiut, 
A.  Orcellay  A.  campestris,  and  others,  and  of  allied  f^enera,  devdopei  hi 
a  radiating  manner,  and,  by  the  remains  acting  subsequently  as  a  manure, 
causes  the  grass  in  our  meadows,  in  such  places,  to  grow  in  a  very  luxuriant 
manner  in  rings,  which  are  commonly  called  fairy  rings. 

Amanita  (Agaricua)  muacaria  is  a  very  poisonous  species.  It  pdcsej^ses 
narooUc  and  intoxicating  qualities,  and  is  much  used  in  Kamtschatka 
and  some  other  parts  of  the  Russian  empire  as  a  narcotic  and  intoxicating 
agent.  This  rungus  possesses  the  remarkable  property  of  imparting  ita 
intoxicating  qualities  to  the  fluid  excretions  of  those  who  partake  of  it. 
When  steeped  in  milk,  and  other  liquids,  it  acts  as  a  poison  to  flies  ;  hence 
its  specific  name. 

Boletus  eduiis  and  several  otlier  species  are  edible. — B.  edulis  is  much 
esteemed  in  Italv,  &c 

Ciaviceps  {dordiceps). — The  disease  called  Ergot,  which  occnra  in  the 
grains  of  Kye  and  many  other  grasses,  is  produced  by  C.  purpurea.  The 
official  Ergot  of  the  British  Pharmacopoeia  is  described  as  the  compact 
mycelium  or  spawn  (sclerotium)  of  this  fungus,  produced  within  the  pale* 
of  the  Common  Rye,  Ergot  is  largely  used  in  medicine  to  cause  contraction 
of  the  uterus  in  cases  of  tedious  parturition,  or  to  prevent  flooding  after 
delivery.  It  is  also  employed  for  other  purposes.  In  overdoses  it  acts  as  a 
poison,  and  sometimes  causes  death.  Taken  for  a  length  of  time,  as  in  bread 
made  with  diseased  Rye,  it  also  acts  as  a  poison. — C.  Robertsii^  C.  m'ftenm, 
C,  entomorrhiza,  and  other  species,  frequently  attack  caterpillar  in  a  living 
•tate,  which  they  destroy  as  their  mycelium  developes.  The  remains  of  the 
caterpillar  with  the  developed  fungus  of  C.  sinemsis  is  a  highly  esteemed 
drug  in  China,  where  it  is  much  used  as  a  tonic 
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Cytlaria  Daricimi  and  C.  Berltrni  are  ?iiip1oyi^  for  food,  [be  Ibrirti  in 
IVrra  drl  Fuego,  >nd  the  liltec  in  Chili. 

Elapkamym  gnu.fsfu  aud  £.  Munculu  are  aold  in  Covenr  Gaidtii 
M«rket  under  the  naine  of  Lycoperdon  Nuts.  They  are  supposed  to  pOBW>M 
■phnidlBiac  propertiea,  and  to  piumole  panuritiun  aad  tlie  aectetion  ol' 
BjiJk. 

Ktidia  Aurieiila  Judm,  Jew's  Ear,  ii  reputed  to  piMaeFS  astringent  nnd 
disculient  prupertiea  when  applied  rxlernally  in  the  form  of  a  (kfoctjini, 
or  poullier, — K.  Ahpidula  19  iii«d  in  I'bina  aa  a  stygiiic  and  as  d  tind 
mixed  in  90upa,&c.     It  ia  known  (here  underlie  naiiu:orJU'ij>ii,ii);uifyin>; 

Lgeoiitnhu,tbePuffba\}i.—V/lieathl}f.yci<iKniinffiguiiitymiar.ubminfd 
to  coint;uBlian,  tlie  volatile  einannlionit  RriEing  from  it  pumeM  a  DHrcoiic 

Siroperty.  It  baa  been  employed  in  thiH  way  lu  alupeg'  bees  when  removinu 
loney  rrum  the  hive,  nnd  hiis  bevn  alw  rvconiuiended  as  an  anci-thrlic 
a^ent  instead  of  elher  and  chlurofotui.  A  HiniiUi  piupeitf  is  also  puswticd 
by  some  otliec  spevica. 

MtnliMt  ImnmaKi  and  M.  railalnr  ore  two  of  the  Funi.'i  which  ouciir  in 
the  diseaw  called  Dry  Hot.     (See  Fn.ijtrlw.  and  Um  «/  Fni-gi,  y,.  7;18.) 

MurrMlaaculriiia,\\KiSoK\,'\3  a  hijjlilyi'iteenwd  edible  lungiu.  wlucli 
ia  prini-ijially  employed  for  davouring.  It  ig  imported  in  ■  dry  atule  from 
tbe  Continent. 

MglMa  aiulniHi  i»  o^led  Native  Uread  in  Australia,  where  it  it  largely 
used  aa  food  by  tbe  natives.  This  fungus  fmiuently  weijibs  a.s  much  as 
from  one  ta  three  poundn.  Other  sperirti,  nearly  allied  tu  Jlylillaaatlrali', 
are  also  u«ed  in  China  for  fuud  aud  as  medicine. 

Oidium.— Tlie  Vine  Fungus  is  cummunlyauppoaod  to  le  a  spedesof  ihia 
or  a  nearly  allied  );enua.  It  would  appear,  however,  that  ibe  so-called 
funKus,  OMxM,  lsamyee;iniroriDOf£ryfi>«(  TmcktrL 

Pathgina  CoeH,  Friei,  ii  another  fiingue.  allied  to  Mylitla,  which  is 
highly  esteemed  u  a  food  bikI  medicine  by  the  natives  of  I  hina,  &•:.,  and 
tht  Indians  of  the  United  States  of  .North  America.  Il  is  the  Tuvkahue  or 
Indian  Breadof  the  Uulled  States.  It  lias  been  olfered  in  the  Undoa  mar- 
kets under  tbe  name  of  China  root.     It  may  readily  be  diaLinguisbed  fvoni 

Ptakilliian  ^autttm,  JUaciit  Bmada,  AipergUlut  ghiycHi,  Butrglit  vaU 
garit,  and  other  Fungi,  eonslitute  tlie  various  kinds  of  Mould*  already 
noticed.    (See  Pmptrtirt  and  Uact  nf  Fungi.') 

Ptrvnutpora  {PhylojAlAora)  injetluiu  is  tlie  fuDt;us  which  csutes  tliB  ' 

Poli/airia.—P.  datmrtor  19  one  of  the  Fungi  found  in  the  Dry  Kot  ••( 
wotd.     (See  Mernlia.)     Thin  slice*  nf  P.  igniiriut  and  P.  fem^Hlari^,, 
when  softened  by  beating  with  a  mallet,  nre  Bometimes  employed  externally 
lA  rmmin  hipmorrha^e.     Similarly  prepared  slices  Boaktil  in  a  solution  of 
—  ........  j{jnaitou  or  Otnuan  lindtr.     When  impregnated 

brmUnc^niiudaH.  Amadou  hasbeen  Bumetlmcs 
re;sure  in  certain  surgical  alltetions,  and  as  a 
P.  bttulmui,  when  pressed,  sliced,  and  prepared 
oy  ruoDine  wiin  pumice,  clc,  are  used  to  make  raior  strops.— i*.  officinulii. 
Larch  or\l'hite  Agaric,  has  been  employed  externally  a>  anaetriiiKent;  and 
iniemally,  to  check  perspiration,  snd  an  an  emetic,  cathartic,  &c.  I',  wai 
formerly'em ployed  as  un  anlhelmintie,  but  its  aetiou  ia  frequently  violent. 
Larch  Agaric  is  now  imported  froni  tbe  northern  part  uf  Russia,  whtre 
it  grows  on  the  stemg  of  Larix  lU-irU-a.—P.  aMikilniinlic-t,  a  native 
of  Savoy  in  the  Tenataerim  Provi'ices  of  Britlab  Burmab,  is  known  as 
Shan-nio  (Worm  Muahroom;,  being  there  highly  esteemed  aa  an  anlhel- 
mintic— A  {BoMhm)  Larica  caHatfejHU,  CanadiaD  Agaric,  is  reputed  to  bo 
a  valuable  remedy  in  acute  rbeamatlBm. — A  apedea  of  Folyporai,  believed 
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copoeia,  and  is  employed  as  a  nutritioos  food,  and  as  a  mild  mncilagiDOut 
tonic  in  catarrh,  consumption,  and  other  affections.  When  used  for  food  it 
should  be  previously  deprived  of  its  bitterness :  this  may  be  done  either 
by  heating  it  twice  in  water  to  near  the  boiling  point  of  Fahrenheit,  or, 
»till  better,  by  digesting  it  in  a  weak  alkaline  s^ution  formed  by  adding 
half  an  ounce  of  carbonate  of  potash  to  about  a  gallon  of  cold  water,  and 
afterwards  washing  it  with  water. 

Cladonia  or  Cenomyct. — C  ra*giftrina  is  the  Reindeer  Moss.  It  is  so 
termed  from  constituting  the  food,  especially  in  the  winter  months,  of  the 
Keindeer. — Ciadonta  {Scyjphtmhortts)  pyxidata  is  commonly  termed  Cup- 
moss  ;  this  and  other  species  nave  been  employed  as  remedies  in  whooping- 
cough. 

Gyropkora  ( UmbUicarid), — Several  species,  denominated  tripe  de  roche, 
possesses  nutritive  qualities,  and  are  \uied  as  food  in  the  Arctic  regions. 
Franklin  and  his  companions  owed  their  preservation  in  1821,  in  a  great 
measure,  to  the  use  of  these  lichens  as  food.  The  Gyrofthorat  also  possess 
slight  tonic  properties  owing  to  the  presence  of  a  bitter  principle. — G.  pui- 
iulitta  is  one  of  the  Lichens  used  in  this  countr}*  by  the  manufacturers  of 
orchil  and  cudbear.  (See  RttcctUa  and  Lecanoru,)  It  may  be  also  made  to 
produce  a  brown  colour. 

I..eciinora. — L.  tartarta  was  funmerly  the  principal  lichen  used  in  the 
preparation  of  the  dye  called  Cudbear ;  but  cudbear  is  now  obtained  not 
only  from  it,  but  also  from  a  number  of  other  Lichens,  as  the  species  of 
liocoella,  &c  (See  Roecella  and  Gyraphora). — L.  J'ereUa  j-ields  a  similar 
dye.  Two  species  of  Lecanoru^  namely,  L.  etcuienta  and  L,  affinity  form 
important  articles  of  food  both  to  man  and  animals  generally,  in  Persia, 
Annenia,  Tartary,  &c.  They  appear  in  some  seasons  in  such  enormous 
quantities,  that  in  certain  districts  they  cover  the  ground  to  the  depth  of 
several  inches,  and  the  natives  beJieve  they  fall  from  heaven.  L.  esculenta 
is  also  found  in  Algeria,  Asia  Minor,  dsc,  and  Dr.  O'Korke  has  endeavoured 
to  prove  that  this  lichen  was  the  true  manna  of  the  Hebrtwi, — that  which 
fed  them  with  regularity  for  forty  years  in  the  wilderness. 

Parmelia.. — P.  parietina  was  formerly  regarded  as  a  valuable  febrifuge, 
astringent,  and  tonic.  It  contains  a  yellow  crystalline  colouring  matter, 
called  chiyiopkanic  acid,  which  is  identical  with  the  yellow  colouring 
principle  of  rhubarb. — P.  perlata  is  employed  b^'  the  manuiacturers  of 
orchil  and  cudbear.  (See  RocceUa.)  It  is  also  reputtd  to  possess  diuretic 
properties. 

Ptltifera. — Peliigera  (^Pellidea)  canina  and  P.  rufucen*  are  known  in  the 
herb  shops  of  this  country  under  the  name  of  Ground  Liverwort.  This 
was  ofHcial  in  the  London  Pharmacopoeia,  and  formerly  regarded  us  a  ^)ecilic 
in  hvdrophobia. 

liocceUa,  Orchella  Weeds. — R.  tinctoria,  R.fueiformit,  and  R.  kypomecha, 
under  the  common  name  of  Orchella  Weed^  are  the  species  usually  met  with 
in  this  country'.  They  are  imitorted  from  various  parts  of  the  world,  as  the 
(Canary  and  Cape  de  Yerd  Islands,  the  Azores,  Angola,  Madagascar,  Mauri- 
tius, Madeira,  South  America,  Cape  of  Good  Hope,  &c.  In  commerce  thev 
receive  the  name  of  the  country  from  whence  they  have  been  derived. 
Orchella  weed  is  extensively  used  in  the  manufacture  of  the  purple  and  red 
colours  called  orchil  or  archil  and  cudbear.  In  Holland  the  blue  colour, 
called  litauu  or  lacmua,  is  also  prepared  from  the  same  Lichens  ;  but  the  best 
kind  is  said  to  be  made  from  R.  Tinetoria.  Litmus  is  also  known  under  the 
names  of  Toumeeol  in  cakes  and  Dutch  turntule.  Other  Lichens,  as  spe- 
cies of  Lecanora,  Gyrophoraj  ParmeliOj  Variolaria,  Ac,  are  also  sometimes 
employed  in  Britain  and  elsewhere  in  the  manufacture  of  orehil,  &c.  (See 
these  species.)  Orchil  and  cudbear  are  used  for  staining  and  dyeing  purple, 
and  red  colours,  and  also  occasionally  as  tests  for  acids  and  alkalies.  Litmus 
is  employed  as  a  test  for  alkalies,  acids,  and  some  salts  with  a  basic  reaction. 
It  is  official  for  this  purpose  in  the  British  Pharmaoopceia.    A  decoction 
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rohella  wHd  poHHsn  maciURinonf,  tinollimt,  uid  demnlcnit  propeitin. 
id  has  been  uwd  in  coni^bs.  ciUirtui,  &e. 

Slicla  palmnnaiia.  Tree  Lung-wnrt,  Oik-lunRH. — This  lichen  pooMMti 
nic  nnH  nutridDDa  propeities.  somewhit  resemblmj;  in  then  napMU 
•trarm  iilandica.  In  aiberis,  it  is  used  inste»d  of  hops  fw  impartinic  blusr- 
•m  to  beer.  It  in  ilso  einp1»ved  in  Franc«,  &c.,  for  the  producUon  o/  ■ 
mwndve. 

Pari'niaria. —  V.  Aalbata  and  V.  ortina  ue  used  far  the  prodnetioo  of 
rihil  in  P'ranop. 

.  Natural  Order  292.     Cbakacba— 

iT<i.  inz.  ^^    pj^i^   OtA^t.  —  Diagnosis. — 

Water  platitt,  with  &  distinct  axis 
branching  in  &  whoried  oiuiticr  (jtj. 
1112),  and  either  tr&iup&rent  or  eo«t«d 
with  carbonste  of  lime.  Beprodhietivr. 
organs  of  two  kinds  ariaing  «t  tho  bue 
of  the  branches  (fig.  844,  »,  o),  and 
either  on  the  same  or  on  different 
branches  of  the  uune  plant,  or  on 
Neparate  plants.  These  organs  an 
tenoed  glolmlei  (figs.  844.  a,  and  840) 
and  niuniUi  (figs.  844,  i,  847,  and  848). 
(See  pages  381  and  382  fur  a  detailed 
accimnt  of  their  structure.) 

BislriMUivn,  Ej-amples,  aiKJ  Num- 

'lers.^Theae  plants  occur  in  stagnant 

fresh  or  salt  water  in  all  parts  of  the 

1   globe  ;  but  thej  are  most  abtindant  in 

oi  ct^m.  uiaimtned.   temperate  climates,     BMimples  of  Ihr 

"52"J^^|^*  jj,"    f4enr.m  .-—There  are  two  crenera.  Chan 


U  porthm  of  ■ 


—There  are  two  genera,  Chan 
and  Nitella,  and  about  40  species. 

lation  Is  jDrticstvd  by  the  nr-   dunng  their  decay  give  off  a  very  fvetid 

TO**.   Theclre^UBgMUjT   ,Mlour,  which  is  r^arded  as  moat  in- 

irai'i»  mn?ned™["  tiiit"in  jurious  to  aninial  bte.    Thej  have  no 

v'hieh  II  Dri^DBttJi.  known  uses. 

Natural  Order  293.     Aio*.- The  Sea-weed  Order.— Z»«i- 

gnosis.  — ParfitcliytmUons 

or  in  moist  situations. 

(fig.   a),   or  filamentous   (figs.   849  and  850),   or   pulverulent. 

Many  Algte  are  microscopic,  and  utherB  oie  of  lai^e  size.     In 

colour    they   are   usually   greenish,    vose-coloured,   or    brown. 

They  are  reproduced  in  various  ways.     (See  pages  382-369.) 

DiBision  of  the  Onier  atiA  Bxamplfs  of  the  Gttiera.—^Tbt 
order  is  commonly  divided  into  three  sub-orders,  which  are  fn- 
qiiently  r^arded  as  distinct  natural  ordera  ;  these  are  known 
under  the  names  of  the  MelanosfHiit^.  Mflanospermesc,  or 
Fucoidem  ;  Bhodospiyrex,  Rhodosprrmete,  or  Floridrm  ;  and  Ckioro- 
sportse,  GUorotpermetr,  or  Cnnfenoidm.  To  these  inb-onlen 
may  be  added  two  others,  called  respectively  Dwtomaetm  and 
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VolBoeinem.  Nnin«iou«  other  MTMigemenU  of  the  Algn  hkve 
lieen  proposed  of  late  yeua,  but  as  these  niuit  be  resarded  aa 
tmnaitional,  we  have  retained  the  above-named  sub-ordera  from 
their  being  generally  uaed  in  thia  country  in  works  treating 
practically  of  thia  order  of  pUnta.  Their  distinctive  chuactere 
may  be  briefly  described  as  follows  ; — 

Sub-order  1.  MeUmoiporea,  Melaruitptrmxa,  FiKnidex,  or  Brovm- 
cilovreii  Algte. — Midticellnlar  Algn,  growing  in  salt  water, 
forming  a  foliaceous  or  dkmentous  thallus,  and  of  an  olive- 
green  or  olive-brown  colour.  £j-amplM.'— Sargnaaum,  Fucua, 
Kctocarpus. 

Sub-order  2.  Rhodoiporea,  RhodoiperTnem,  Floridea,  or  Bok- 
enlirared  Algx. — Marine  muticellular  AJgee,  with  a  foliaceoua 
or  branched  filamentous  thallus,  and  of  a  reddish- purple, 
rose-coloured,  or  reddish-brown  colour.  EjMmpUi ;— Coral- 
lina,  ChondruB,  Porphyra. 

Sub-order  3.  CMoTOtpvrta,  ChhroipeTmex,  C/rafervoidese,  or 
Oreen-ailoured  Algx.  —Unicellular  or  multicellular  Algee,  grow- 
ing in  fresh  or  salt  water,  or  in  moist  situationa  ;  usually  of  a 
bright  green  colour,  or  rarely  red.  KxanypUi: — Caulerpa, 
Palmella,  Zygnema. 

Sub-otder  4.  DkUomaixa. — Brittleworts. — The  following  dia- 
gnoaia  ia  from  Henfrey  :  —  '  Microscopic  unicellular  planti, 
occurring  isolated  or  in  groupa  of  definite  form,  uaually  sur- 
rounded by  a  gelatinous  inveatment,  the  cells  exhibiting  more 
or  less  regular  geometrical  outlines  and  enclosed  by  a  mem- 
brane, striated  {Jig.  1113)  or  granular,  either  simply  tough 
and  continuous  {Jig.  1114),  or  impregnated  with  ailex  and 
separable  into  valves  (fig.  1113).  Reproduction  by  apores 
formed  after  conjugation  of  the  cells  {fig.  1114),  by  zoosporea 
formed  from  the  cell  contents,  and  by  diviaion '  {fig.  1113). 
The  Diatomacee»  are  again  di- 
vided into  two  sections  :  1. 
lHalorMa{fig.  1113).  Natives 
of  fresh  or  salt  water,  or  of 
moist  ground,  of  a  brownish 
colour,  valvular,  and  invested 
by  a  siliceous  membrane.  E'jo- 
amplts : — Diatoma,  Navicula. 
2.  DumidUa  (fig.  1114). 
Found  only  in  fresh  water,  of  . 
u  green  colour,  continuous,  ' 
containiuc  starcb,  and  not 
invested  by  a  ailioeouH  mem- 
brane.    £xamplef :—  Cloate- 

Sub-order6.  ViAtodnea  {fig.  1115). — Henfrey  diagnosea  them 
as  follows  :— '  Microscopic  bodies  swimming  in  fresh  wate> 


Fig-  1113. 


by  the  ftid  of  dli*  MTsnged  in  pain  npini  tbe  mrfaee  of  ft  «0B- 
mon  lemi-geUtiiioa*  eavdope,  the  pMim  of  eilift  etth  htHang- 
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ii^  to  »  green  oorpntde  leaembliiig  tlw 
zoospore  of  s  cooferroid,  imbedded  in  the 
peripheiy  of  the  common  enrelope.  Be- 
productioa  by  the  development  (A  each 
corpuscle  into  a  new  colony,  the  whole 
being  set  free  by  the  sotntion  of  the  parent 
envelope,  or  bjcoDTeraion  of  the  corpuKlei 
into  encyst«d  reflting-spores  like  those  of 
Confervte.'  £jiimpiM  :^Volvol,  Goninm. 
The  membera  of  this  group  are  Aw]Tiently 
regarded  at  Infusorial  Animalcnlea,  but  in 
:  all  their  essentiat  characters  they  doaely 
resemble  the  Confervoideffi. 


DUirUrtitian  and  JViimfters. — -Algie  are 
more  or  lees  distributed  throughout  the  globe,  growing  in  salt  or 
freah  water,  or  in  tBoiit  situations.  Some  speciei  are  found  in 
the  boiling  HpringB  of  Iceland,  &c.  ;  other*  occur  in  mineral 
springs,  and  some  in  chemical  solutions.  Thewatersof  whatever 
temperature  have  their  own  peculiar  forms.  It  is  impoeaibleto 
estimate  with  any  degree  of  accuracy  the  number  of  specaee  of 
Algje,  but  they  may  be  roughly  guessed  at  3,500. 

Properties  aitd  Uh». — Several  species  ore  employed  (<>r  food 
in  different  parts  of  the  world  ;  as,  Laminaria  soccAaniM,  L. 
digitaia,  L.  potatojum,  &c.  ;  Alaria  etailenta,  DurnUna  utiJu, 
Hargiuumm  tpeeiei,  Iridma  etJiiUi,  Chondnu  crirpyt*  and  C. 
mamiitomu,  OdidUtm  comeum,  &c.,  Ou/artiim  tpeciota,  Laurtn- 
eia  papiUoia,  &c.,  GracUaria  lidienoide*  and  other  OraeUaruu, 
Rhodymenia  palmata,  Porpht/ra  vuigaru  and  P.  laciniata,  Vita 
Uttiatima,  U.  eompntaa,  &c,  2foaloe  eduU,  Honnotiphon aretiat*, 
and  many  others.  The  nutritious  properties  of  the  above  are 
due  to  the  presence  of  starch,  snouy  matter  (manniU),  mnd- 
lage,  and  albumen.  M.  Payen  uao  discovered  a  principle  in 
Oelidium  comtum  {Algue  de  Java),  and  some  other  AlgK,  to 
Vhich  he  gave  the  name  of  ^eltw.    To  this  Mib«t»Doe  tlia 


nutritious  properties  of  Algie  are  likewise,  to  a  great  extent,  due. 
According  to  Payen,  1  part  of  gelose  dissolved  in  500  parts  of 
boiling  water,  will  aflbrd,  upon  cooling,  a  colourless,  transparent 
jelly, — thus  forming  ten  times  more  jelly  than  a  like  weight  of 
the  best  animal  gelatine.  In  order,  therefore,  to  produce  a 
jelly  of  equal  consistency,  it  would  be  only  necessary  to  employ 
the  tenth  part  of  what  is  necessary  when  isinglass  is  used.  Jellies 
prepared  from  species  of  Oelidium,  Laurencia,  &c.,  are  much 
employed  for  food  in  China,  Japan,  &c.  The  so-called  Japanese 
isinglass  consists  of  numerous  Algse,  but  more  especially  of  GVii- 
dium  cameum,  Olaiopeltis  tenax,  and  Eiidodadia  vemicata.  The 
edible  birds'  nests,  so  highly  valued  for  food  in  China,  owe  their  pro- 
perties probably  in  part  to  certain  species  of  Algse,  but  essentially 
to  the  secretions  of  the  swallows  by  which  they  are  constructed. 

In  medicine  the  above-mentioned  nutritious  Algse  may  be 
used  for  their  emollient  and  demulcent  properties.  Several 
species  of  Algie,  particularly  Fuciis  veaiailosiui,  have  been  also 
employed  as  remedies  in  goitre  and  scrofulous  diseases.  They 
owe  their  beneficial  effects  in  such  cases,  principally,  to  the 
presence  of  a  small  quantity  of  iodine.  The  ashes  obtained  by 
burning  many  species  of  Algee  in  the  open  air  form  the  substance 
called  kelpy  which  was  formerly  much  used  for  the  preparation 
of  carbonate  of  soda  ;  but  this  is  now  more  cheaply  obtained 
from  Hea-salt.  Iodine  is,  however,  still  prepared  from  kelp.* 
Some  Algoe  have  been  reputed  to  possess  vermifugal  properties ; 
none  are  known  to  be  poisonous. 

Several  Algse  are  remarkable  for  imparting  colours  to  water , 
snow,  <&c.  Thus,  Frotococcus  {Palmella)  atlaiUicxM  gives  a  red 
colour  to  certain  parts  of  the  Atlantic  ;  F.  nivalis  contributes  to 
communicate  a  red  colour  to  snow  ;  and  F,  viridiSj  a  green  tint ; 
Dolichospermum  Thompsoni  imparts  a  green  colour  to  some 
Irish  and  Scotch  lakes  ;  the  red  colour  of  the  Red  Sea  is  also 
in  part  attributed  to  the  presence  of  Trichodesmium  erythranimy 
&c.  &c.  Dr.  Robert  Brown,  has  also  shown  that  the  discolora- 
tion of  the  Arctic  Sea  is  due  to  Diatomacese,  but  principally  to 
Melosia  ardica,  and  that  these  form  the  brown-stainmg  matter 
of  the  *  rotten  ice  *  of  northern  navigators. 

Some  Algse  are  met  with  in  diseased  animal  tissues.  The 
Achlyaproliferay  which  attacks  the  gills  of  gold  fishes,  Ac.,,  and 
iSarcina  veniriciUiy  found  in  the  stomach,  &c.  of  animals,  may 
be  enumerated  as  amongst  the  most  remarkable  of  such  forms. 
The  latter^  however,  is  now  more  commonly  regarded  as  a 
fungus. 

*  See  a  vflltisble  communication  by  £.  C.  Stanford,  read  before  the 
Society  of  Artf ,  tor  a  detailed  account  ot'  a  new  process  fur  preparing  iodine 
from  kelp,  and  for  a  description  of  several  other  important  products  obtain- 
able from  AlgsD ;  and  also  a  *  Report  on  the  Exhibits  in  the  Paris  Exhibition 
of  1878/  by  Paul,  Holmes,  and  JPassmore,  in  *  Pharmaceutical  Joamal,*  ter. 
iii.  vol.  ix.*  p.  303. 
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Alaria  egculenla^  Bladderlocks,  Hen-ware,  or  Honev-waie,  oontains 
nite.  It  is  employed  for  food  in  Ireland,  Scotltnd,  Iceland,  and  other 
northern  regions.  'Berkeley  says  that  *  it  is  the  best  of  all  the  esculent  Algc 
when  eaten  raw.* 

Chondra».—C.  erispus  is  the  source  of  Carrageen  or  Irish  Moss.  It 
possesses  nutritive,  emollient,  and  demulcent  properties,  and  may  be  em- 
ployed in  the  form  of  a  decoction  or  jelly,  in  pulmonary  oompUints  and  other 
affections.  Bandoline  or  fixature^  used  for  stiffening  the  hair,  and  other  pur- 
poses, is  commonly  prepared  from  Carrageen.  The  mucilage  of  carrageen  is 
likewise  much  employed  in  the  United  States  as  a  size  for  paper,  cotton  goods, 
fdt  and  straw  hats,  and  for  thickening  the  colours  used  in  calico  printing. 
Carrageen  is  also  used  in  America  for  fining  beer,  coffee,  &c. — C.  mosiu- 
lo9u»  or  Gigartina  mamiUota  is  almost  always  found  in  the  Carrageen  Mo« 
of  commerce.  Its  properties  are  similar. — G.  aciculari$  is  another  species 
also  sometimes  found  mixed  with  it. 

JhtrvUliea  utUi»  is  used  for  food  by  the  poorer  inhabitants  on  the  western 
coast  of  South  America. 

Fucus. — Several  species  contain  mannitef  as  F.  vecicM/omw,  F,  nodo$uM, 
and  F.  ierratut.  lliese  species  were  formerly  largely  used  in  the  prepara- 
tion of  kelp,  and  are  now  collected  on  our  shores  for  manure. — F.  veaieutons. 
Sea  Wrack. — This  Alga  is  much  used  in  winter  in  certain  islands  of  Scot- 
land for  feeding  horses  and  cattle.  Boiled  in  water  and  mixed  with  a  little 
coarse  meal  or  flour,  it  has  been  used  in  Gothland  for  feeding  hogs,  hence 
the  plant  is  there  called  twine-tang.  It  also  forms  an  excellent  manure  for 
land.  The  expressed  juice  has  been  given  internally,  and  Arictioiui  of  the 
plant  have  been  employed  externally  in  glandular  and  scrofulous  affections. 
A  kind  of  wine  prepared  from  thisAlga  has  also  been  used  with  success  in 
similar  diseases.  The  substance  called  Vegetable  Ethiops,  which  has  been 
likewise  employed  in  such  cases  as  the  above,  is  a  kind  of  charcoal  produced 
bv  the  incineration  of  this  Alga  in  close  vessels.  The  beneficial  efifects  in 
t  hese  instances  are  principally  due  to  the  presence  of  a  small  quantity  of 
iodine.  Thi^  Alga  has  also,  of  late  years,  been  in  some  repute  as  a  reroedv 
for  obesity,  but  its  value  for  such  a  purpose  seems  to  be  but  trifling.  It  Ls 
the  essential  constituent  in  the  nostrum  termed  Anti-Fat. 

Getidium  comeum^  as  already  noticed,  is  nutritive.  It  is  the  Algutde 
Java,  from  which  M.  Payen  first  obtained  gelote.  (See  page  745.)  It 
forms  a  favourite  article  of  food  in  Japan,  and  other  countries,  and  is  also 
used  in  the  manufacture  of  a  kind  of  glue,  and  for  other  purposes. 

Gigartina  $pino§a  {Fuctu  spinosun)  is  the  Jelly  Plant  of  Australia.  It  is 
employed  for  food  and  for  making  size,  cement,  &c.  (See  Chondruu  and 
Gracilaria.^ 

Gracilaria  (^Piocaria). —  G.  lichenoides  (Plocaria  Candida),  and  G,  confer- 
voidea  are  the  sources  of  Ceylon  Moss,  which  is  official  in  the  Pharmacopceia 
of  India.  In  most  commercial  specimens,  however,  the  principal  consti- 
tuent is  G.  lichenoidet.  Ceylon  Moss  is  nutritive,  emollient,  and  demulcent, 
and  may  be  employed  in  the  form  of  a  decoction  or  jelly,  at  a  food  for  children 
and  invalids,  and  also  medicinally,  in  pulmonary'  complaints,  diarrhoea,  and 
other  affections.  It  is  sometimes  mi  ported  under  the  name  of  Agar-agar,  but 
Gigartina  tpinoaa  has  been  also  imported  under  the  same  name.  Both  species 
are  largelj*  employed  in  the  East  for  making  nutritious  jellies,  for  stifl^ning 
purposes,  and  for  varnishing. —  G.  tenax  may  be  similarly  used. —  Gracilaria 
(Plocaria)  Helminthocorton  is  Corsican  Aoss.  (See  Laurtncia.)  It  has 
been  used  principally  as  a  vermifuge,  but  its  properties  have  been  much 
overrated. —  G,  craa$a  (Ki-tsai)  is  cooked  with  sov  or  vinegar  in  China.  It 
is  also  employed  by  the  Chinese  ladies  to  give  a  glossiness  to  their  hair. 

Halidry$  sUiquoM  contains  nearly  6  per  cent,  of  mannite. 

Hormotiphon  arcticuM  {Nogtoc  arcticum),  which  is  very  common  in  the 
Arctic  regions,  according  to  Berkeley,  '  affords  a  mass  of  wholesome  food, 
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which  is  far  preferable  to  the  Tripe  de  Roche  (see  Gyrophnra),  as  it  has 
none  of  its  bitterness  or  purgative  qnalitj.' 

Iridtea  edulit,  as  it«i  name  implies,  'i»  nutritions,  and  is  sometimes  used 
for  food  in  Scotland,  and  other  parts  of  the  world. 

iMininaria. — L.  taccharina  is  remarkable  for  the  Xtij^,^  quantity  of  Man- 
nite  it  contains,  upwards  of  12  per  cent.  Its  young  parts,  mixed  with  thoite 
of  L.  digitata,  are  eaten  in  Scotland,  &c.,  under  tl^  name  of  Tanale.  The 
latter  sfjecied  also  contains  much  manniie.  L,  §acckanna  \*  called  Seatape 
in  China,  where  it  is  used  for  food  and  other  purposes. — L.  potatorum  is 
likewise  employed  for  food  in  Australia,  and  other  species  possess  similar 
properties. — L.  bulboaa^  L,  diaitata^  and  L.  saccharina  are  used  to  a  rery 
large  extent  for  manure  and  K>r  the  preparation  of  kelp.  The  latter  is  alsio 
frequently  used  as  an  hygrometer.  L.  dufitata  is  said  to  contain  seren  or 
eight  times  more  iodine* than  Fucut  vesicuiotms. 

Laureneia. — L,  pinnatifida  is  remarkable  for  possessing  pungent  proper- 
ties. It  is  called  Pepper-dulse  in  Scotland,  where  it  is  occasionally  eaten. 
Berkeley  says  that  L.  oUu$a  forms  the  greater  part  of  what  is  n«>w*sold  in 
the  shops  as  Corsican  Moss.  (See  Gracilarid). — L.;Mi/»i7/osa  (Tanahwui) 
is  extensirely  onployed  in  China  and  Japan  in  the  preparation  of  a  gela- 
tinous substance  called  Yang-Taai, 

No»toc. — N.  edule  is  eaten  in  China,  &c.  Other  species  possess  similar 
[iroperties.     (See  Hormotiphou  arcticus.) 

Porphyra  iadniata  and  P.  vufgarit  are  employed  in  the  preparation  of  a 
kind  of  sauce  or  pickle,  which  is  termed  Stokt,  S/okan^  or  Later. — P.  w/- 
jfaris  is  eaten  in  China  as  a  relish  to  rice.  It  is  termed  Taz-Ttai  (purple 
Vegetable).  It  is  also  used  for  food  by  many  of  the  Indians  along  the 
Pacific  coast,  being  cooked  as  greens,  or  with  meat. 

Bhodymeniapaimaia  is  en  article  of  food  in  Scotland,  Ireland,  Iceland, 
&c.     It  is  the  Dulse  of  the  Scotch,  and  the  DiUeth  of  the  Irish. 

Sarpasmm. — S.  bacciferum  is  the  Gulf-weed  of  the  Atlantic.  This  and 
other  species  contain  iodine,  to  the  presence  of  which  they  owe  their  bene- 
ficial effects  in  goitre,  for  which  purpose  stems  of  the  S.  bacciferum  are 
much  employed  in  South  America  under  the  name  of  Goitre-gticks. 

Uiva  latissima  is  employed  in  the  preparation  of  Green  Lawr,  It  is  very 
inferior  to  the  laver  prepared  from  species  of  Porphyra.  Both  these 
lavers  might  be  beneficial  in  scrofulous  affections,  &c.,  as  they  contain 
iodine. 


BOOK  III. 


PHYSIOLOGY  OF  PLASTS;  OR  PHYSIOLOGICAL  BOTASY. 


Havino  now  examined  the  stmcture,  classification,  propertieB, 
and  uses  of  plants,  we  have  still  to  consider  them  in  a  state  of 
life  and  action,  and  to  explain,  so  far  as  science  enables  us,  the 
laws  which  regulate  their  life,  growth,  and  reproduction.  The 
department  of  Botany  which  investigates  these  phenomena,  is 
termed  Physiology  ;  and  the  various  processes  which  go  on  in 
the  plant,  and  which  are  the  necessary  accompaniments  of  its 
life,  are  called  its  functions.  The  different  vital  actiona  are 
naturally  divided  into  classes,  called,  respectively,  the  func- 
tions of  the  organs  of  nutrition  or  vegetation,  and  the  functions 
of  the  organs  of  reproduction ;  the  former  being  those  concerned 
in  preserving  the  life  of  the  particular  plant,  and  the  latter  in 
continuing  the  species.  Physiology  includes  the  study  of  the 
life  of  the  whole  plant,  when  it  is  termed  general ;  and  that  of 
the  particular  organs,  in  which  case  it  is  called  special. 

The  present  state  of  our  knowledge  of  many  points  connected 
with  the  physiology  of  plants  is  so  imperfect  that  there  is  some 
difficulty  in  arranging  a  good  plan  for  its  study.  In  examining, 
therefore,  the  functions  of  the  different  organs,  the  order  of 
arrangement  adopted  in  treating  of  their  structure  and  morpho- 
logy will  be  followed  as  far  as  possible,  and  a  few  observations 
on  the  phenomena  in  the  life  of  the  whole  plant  will  conclude 
the  subject. 


FUNCTIONS  OF  PARENCHYMA. — CELL-FORMATION.       74» 


CHAPTER   1. 

SPECIAL   PHYSIOLOGY. 

Section  1.  Physiology  of  the  Elementary  Stbucturbs 

OF  Plants. 

1.  Functions  of  Parenchymatous  Cells  and  Parenchyma. 
— As  the  simplest  forms  of  Vegetable  life,  such  as  the  Red  Snow 
Plant  {Protococcus  (PalmeUa)  nivalis)  {fig.  1),  consist  of  a  single 
cell  of  a  parenchymatous  nature,  such  a  cell  is  necessarily 
capable  of  performing  all  the  actions  appertaining  to  plant  life. 
Parenchyma  also  constitutes  the  whole  structure  of  Thallogens, 
as  well  as  the  soft  portions  of  all  plants  above  them  ;  hence  the 
physiology  of  parenchymatous  cells  is  of  the  first  importance. 
The  more  important  vital  actions  of  these  cells  are,  1.  Forma- 
tion of  new  ceUs ;  2.  Absorption  and  transmission  of  fluids ; 
3.  Movements  in  their  contents ;  and,  4.  Elaboration  of  their 
fluid  contents,  and  production  of  the  different  materials  neces- 
sary for  development  and  secretion. 

1.  Foi-mation  of  Cells. — All  plants,  as  we  have  seen  (p.  21), 
in  their  earliest  conditions,  are  composed  of  one  or  more  cells, 
hence  all  the  organs  which  afterwards  make  their  appearance 
must  be  produced  by  the  modification  of  such  cells,  or  by  the 
formation  of  new  ones. 

The  subject  of  ceU-formatian  or  cyfogenesis  has  for  many 
years  engaged  the  attention  of  able  physiologists,  and  by  their 
united  labours  we  have  now  arrived  at  tolerably  definite  con- 
clusions upon  the  main  points  of  the  inauiry ;  and  although  many 
of  the  subordinate  ones  are  still  involved  in  obscurity,  yet  the 
processes  are  better  understood  than  the  corresponding  ones  in 
animal  tissues.  Our  limits  will  not  allow  of  a  description  in  detail 
of  all  the  theories  of  cell-formation  which  have  been  brought 
forward  by  difierent  observers  ;  neither  is  such  necessary,  since 
all  are  now  agreed  upon  the  essential  principles  of  the  process  : 
we  shall  therefore  confine  ourselves  to  a  general  outline  of  the 
subject. 

Cells  can  only  be  formed  from  the  thickened  fluid  called 
protoplasm  which  is  contained  in  their  interior,  or  has  been  ela- 
borated by  their  agency  ;  hence  cells  can  in  no  case  be  formed 
without  the  influence  of  living  organisms.  The  nature  of  proto- 
plasm has  been  already  fully  described.  By  various  observers 
this  formative  matter  of  cells  has  been  called  arganisahle  mattery 
vegetable  mucilage ,  cytoblasteyna,  &c.  The  ceU-wall  or  membrane 
of  cellulose  takes  no  part  in  the  formation  of  cells. 
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r.«;  ...•.*..:.«  If.  ;...*.  ■-.•^^^  l.  ».*.«r:i.»-.". .  r.-  :    r..7  i*  rrj-irlr^.I  ih*  inizi- 

'J  ;.«:  ;;.  ■.:..•.':.'  ..'.    *:.:',":.  :.t  'ir^-.r;:-::^  it  a?  ^ik:^J:^■'.iC>:  :*  j£  f-.lIvU? 

f  ff'i-  lll»».ir.  i  1117/  -  A  :-!-::■  :i:  :i.t  :r'.-T'.jl^::.  C'llevtsm:-- 
^  III '#.'•■  Of  .— .-!  r  .'iii'i*;  i  '  r  .*  .:i.»r*-fi4»i  i-'VaI  i-.rui.  with  a  dedncti 
'#  j»«:f  r/'.f'J«;r.  ».:.■;  1  f'lriuii.:^  th*:  nucitrua  ft  the  ctll  :  iijvu  liii*  :i 
i;iV'-r  '/)  f>rorof.);itrii  :-  •]•;{•« jtite^l.  which  as<iuuies  ihv  !\>rm  I'f  .i 
rii4:rMl'r.iri<;.  hii'i  'rxjiaiiO-s  hj  ait  to  f'^rm  a  vesicle  :  un  the  •.•iiT:tiiU* 
*ti  OiM  ;t  <:i:lliiio*)*:  ifi«rnibrane  u  secretcil,  and  the  fi.irmatii':i 
of  rh<;  f;<:ll  im  rj'/iiiplctcd.  Tlie  proti.iplaamic  veaiciv  in  th» 
ioTiitn  the  Huhfur^iient  lining;  of  the  young  cells,  and 
lies  the  '  primordial  utricle  '  of  Mohl. 


/ 
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b.  Free  CtU-furmation  triihoiit   a  predont  nudetu. — In  the 
procew  of  free    cell-fornmtiun,  u  detcribed  fthove,  we  hare 


er  Schlf  Wtii. ) Fit.  uW. 

ieiJMto(j^,.lll«,o.inorc 


Alluded  to  the  production  of  the  nucleus  as  the  first  step  of 
the  process,  and  it  is  regarded  to  be  ao  in  most  inatunces  fay 
the  greater  number  ot  observers.  Henfrej,  however,  does  not 
connider  the  nucleus  of  any  physiological  import  in  free  cell- 
formation,  which  process  he  thus  describes  ; — '  The  essential 
character  of  free  cell-fonnation  lies  in  the  circumstance  that 
the  protoplasm  which  produces  the  primary  cellulose  wall  of 
tho  new  cell  provioiuly  becomes  separated  from  the  wall  of  the 
parent  cell,  so  that  the  new  cell  is  free  (or  loose)  in  tl 


752      CSLL-DIYISION  OR  MERISMATIG  CBLL-FORMATIOlT. 

of  the  parent  cell.'  In  some  cases,  it  is  certain,  no  nucleus  can 
be  detected  in  a  cell  previous  to  the  formation  of  other  cells 
free  in  its  cavity  ;  hence  the  presence  of  the  nucleus  cannot  be 
regarded  as  essential,  but  the  portion  of  protoplasm,  which  in 
such  cases  separates  from  the  general  mass,  must  be  capable  of 
covering  itself  with  a  membrane  and  forming  a  cell.  This, 
accordins:  to  Mohl,  frequently  occurs  in  the  formation  of  the 
spores  of  the  Algse,  &c. 

In  Flowerinjy;  Plants  free  cell-formation  occurs  in  the 
embryo-sac,  in  which  part,  after  impregnation,  both  the  germinal 
vesicles  and  the  cells  of  the  albumen  (endosperm)  originate  in 
this  way.  In  Flowerless  Plants  it  is  regarded  by  some  observers 
as  the  mode  by  which  the  spores  of  Lichens,  and  some  of  the 
Algse  and  Fungi  originate.  Modifications  of  this  process  are 
found  in  the  formation  of  the  parent  cells  of  the  pollen,  some- 
times in  the  formation  of  the  pollen-cells,  and  also  in  the 
parenchymatous  cells  of  the  central  region  of  the  anther. 

In  the  ordinary  course  of  vegetation,  free  cell-formation  can 
only  take  place  in  the  protoplasm  contained  in  the  interior  of 
cells  forming  parts  of  living  tissues. 

B.  Cell-division.  — This  mode  of  cell-formation  is  also  called 
by  authors  parietal.,  and  merisinatic  or  fisnparatis  ceUnformaJUwi. 
Cell-division  can  only  take  place  in  cells  in  which  the  contained 
])rotoplasm  is  in  an  active  state,  as  in  the  cells  of  the  meristem,  a 
name  given  to  that  kind  of  parenchyma  the  constituent  cells  of 
which  are  thus  capable  of  multiplying  by  division.  It  may  be 
treated  of  under  two  heads  :  namely,  1.  Celf-division  ^rithnut 
ah8orpti4m  of  the  walU  of  the  jmrent  cell  ;  and,  2.  CeU-divisuni 
v^h  absorption  of  the  walls  of  the  parent  cell,  and  ike  setting 
free  of  the  new  cells. 

a.  CeU-division  withmt  ahsorption  of  the  walls  of  the  pamU 
cell. — This  mode  of  cell-formation  was  fir^t  observed  by  Mohl, 
whose  opinions  were  afterwards  ably  supported  by  Henfrey 
and  Mitacherlich.  According  to  these  physiologists  (and  their 
observations  have  now  been  confinned  in  all  essential  particulars 
by  numerous  subsequent  observers),  this  process  is  the  one  by 
which  all  the  vegetating  or  growing  parts  of  plants,  whether 
Flowering  or  Flowerless,  are  produced  and  increased  ;  —  all 
increase  in  the  mass  of  the  different  organs  is  therefore  due  to 
its  agency.  The  manner  in  whicli  it  takes  place  is  as  follows  :  — 
the  protoplasm  of  the  cell,  or,  according  to  Mohl  and  Henfrey, 
the  primordial  utricle,  becomes  gradually  constricted  on  the 
sides  so  as  ultimately  to  form  a  sort  of  hour-glass  contraction, 
and  thus  to  divide  the  original  contents  into  two  distinct  portions 
(fig.  1118.  a,  6,  c,  d).  Each  portion  of  the  protoplasm  or  of  the 
primordial  utricle  then  secretes  a  layer  of  cellulose  over  its  whole 
surface  ;  and  where  this  is  in  contact  with  the  original  wall  of  the 
primary  cell  it  forms  a  new  layer  interior  to  it,  but  where  away 
from  the  wall,  at  the  new  septum,  a  distinct  cell- wall,  so  that  the 
partition  is  douVAe.    T\i^  original  cell  thus  becomes  divided  into 
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two,  and  forma  two  cells,  each  of  which  ha*  the  power  of 
growing  until  it  reacbe*  the  original  size  of  iti  parent,  and  then 
either,  or  both,  may  again  divide,  and  each  of  the  newly-formed 
cells  grows  in  a  similar  manner  to  the  siee  of  its  parent.  (It 
should  be  nnticed  that  the  primordial  utricle  of  Mohl  here  ro- 
ferred  to  differs  from  that  defined  by  us  at  page  25  of  this 
Manual.     Thus,  according  to  the  riews  adopted  in  this  Ttjume, 


hey  remain  permanently  united 
s  solidity,  it  is  with  difficulty 


the  primordial  utricle  i«  characterised  as  the  thin  layer  of  pro- 
toplasm which  lines  the  cell-wall  after  the  cell  has  grown  too 
large  to  be  filled  by  protoplaam  alone  ;  while  Mohl  regards  it 
as  a  more  or  leas  thickened  layer  of  protoplasm,  having  the 
appearance  of  a  membrane  lining  the  cellulose  wall,  and  encJoaing 
the  ordinary  protoplasmic  contents  of  the  cell). 

Cell-diviBion  is  best  observed  in  water-plants  of  a  low  grade 
iif  organisation,  and  in  hairs.  In  very  simple  vsgetablia  also, 
such  as  PalmtUa,  in  which  the  newly  fnrmed  cells  separate  and 
become  independent  plants,  the  process  of  divi  ' 
but  in  the  higher  plants,  where  Uiey  n 
to  form  tisaues  of  greater  ' 
demonstrated. 

In  tluB  mode  of  cell -formation,  it  is  by  no  means  evident 
what  function  the  nucleus  performs.  That  in  >omt  caacs 
it  is  unimportant  is  clear,  because  cell-diviBion,  as  above  de- 
scribed, may  take  place,  as  it  does  in  some  of  the  lower  orders  of 
plants,  without  the  presence  of  a  nucleus.  In  the  higher  orders 
of  plants,  however,  the  original  nucleus  of  the  cell  appears  to 
undergo  subdivision  into  tno  halves,  as  is  the  case  with  the 
other  contents,  so  that  a  nircleua  is  thus  formed  for  each  new 
oeli  into  which  the  parent  cell  has  been  divided.  But  in  other 
cases,  separate  nuclei  are  formed  forthe  secondary  cells,  instead 
of  the  original  nuclens  dividing  into  two. 

From  recent  observations  Strasburger  considers  that  the' 
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Fig.  1119. 


Fir..  1120. 


% 


Pifi.  1119.  Ym^  plant  in  pmcfww 

of   df^Telopmetit. Fig.  \\V>. 

f'opferr*!  gtomerata,  showioir  the 
pmgrewire  stM^es  of  (rrmma- 
tion  (6,  c,  d.  e).  a.  Terminal 
cell.    (After  MohL) 


division  of  the  nncleiiB  and  ceO-formation  aie  two  prooeises 
which  are  quite  distinct,  and  may  he  separated  £rom  each  other, 
although  in  many  cases  they  may  come  into  contact. 

In  some  of  the  lower  kinds  of  plants,  a  modificatioti  of  the 
above  described  process  of  cell-division  takes  place  especiaUy  as 

a  method  of  reproduction  ; 
this  coDststs  in  the  forma- 
tion of  secondary  cells,  as 
little  bad-like  prominences 
on  the  primary  odls,  either 
at  their  extremities,  as  in 
I  y^l  the  Yeast  plant  (^.1119), 
by  which  the  p£uit  is  in- 
creased in  length  ;  or  on 
the  side  of  the  primary 
oeU  when  Ivanches  are 
produced,  as  in  some  Con- 
fervae  {Jig.  1120),  in  the 
fibrillif orm  cells  of  Fungi 
and  lichens,  and  in  other 
cases,  probably,  much  more 
frequently  than  is  com- 
monly supposed.  The 
mode  in  which  this  bud- 
ding occurs  may  be  thus 
descril^ed.  At  a  certain  point  the  protoplasm  or  primordial 
utricle  appears  to  acquire  a  special  development,  for  it  is  seen  to 
bulge  out,  carrying  the  cellnlose  wall  of  the  cell  before  it,  by 
which  a  little  prominence  is  produced  externally  (^.  1120,  h) ; 
this  continues  to  elongate  until  it  forms  a  tubular  projection,  c, 
on  the  side  of  the  primary  cell.  The  cavity  of  this  projection  is 
at  first  continuous  with  that  of  the  cell  from  whence  it  sprung, 
hut  after  it  has  acquired  a  certain  definite  length,  its  protoplasm 
hecomeR  constricted  at  the  point  of  contact  with  the  primary 
cell,  d^  and  ultimately  forms  a  partition  between  them,  as  in 
the  ordinary  process  of  cell-division.  This  process  of  cell- 
division  is  usually  termed  gemmaiion  or  budding.  In  some 
cases,  as  in  the  formation  of  the  fibrillif  orm  cells  of  Fungi  and 
Lichens,  no  T>artitionB  are  formed,  but  all  the  branches  com- 
municate with  each  other  (fiq,  68). 

h.  CeU'divigioti  with  absorption  of  the  walls  of  the  parent  cell, 
find  the  setting  free  of  the  tteiv  cells. — The  pollen  oeUa  of  all 
Flowering  Plants,  and  the  spores  of  most  Flowerless  Plants,  are 
formed  by  this  process,  which  only  occurs  in  connection  with 
the  organs  of  reproduction.  The  manner  in  which  it  commonly 
takes  place  in  the  production  of  pollen  cells  has  already  been 
described  at  pages  250-252  of  this  volume.  The  manner  in 
which  spores  are  formed  in  the  higher  Flowerieaa  Plants  is 
substantially  the  same  in  most  cases.     It  sometimes  happens^ 
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Itowever,  that  in  the  developmsnt  of  pollen  Mid  iporeH,  the 
apecUl  parent  cells  are  not  formed,  aa  has  be«n  ahuwn  by 


ng.  nji.  o.  ctMii- 

driol  oell  bom 
wblch  u«  formed 
tlis  puHit  «U)  at 
the  ipona  ot  1/tr- 

^Jb4.  p,  Protoptuni 
ot  tha  paraut  ocIIb. 

■trlng  at  celln  e. 
Ona  ol  Itae  pufnt 

Tlw    (our    Hporeq 

(Tfj.) fif.nn. 

PonnaUm  of  too* 


&n 


Scliacht  in  the  pollen  of  (Eiu>ik< 
teew  ;  and  by  Henfrey  in 
the  aporea  of  Mardtaniia 
pi/lifnuirpha  (fig,  1121). 

In  other  cases,  instead 
of  thedevelupment  of  only 
four  Becoiidary  cells  iii 
the  cavity  of  the  parent, 
we  have  a  large  number 
fonued  (fig.  1122,  a), 
which  either  escape  (fig. 


^^^. 

w 


I 


> 


^ 


I  and  in  the  aporeit  of  Anthmxrot 


11,1.     (AnarBnolu.) 
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1122,  b)  from  it  clothed  by  a  oellulose  coat,  m  is  ordinarOy  the 
GMe,  or  this  ooat  is  secreted  after  their  leparaticm  tnm  the 
parent  cell,  as  in  the  zoospores  of  the  lower  Algae.  Some  of 
these  modifications  of  the  process  of  cell-division  are  doedy 
Mialogous  to  the  ordinary  process  of  free  eeUrformaUon  (Jig,  llSSl 
to  wMch  by  many  authors  they  are  referred.  (See  also  jpage  752). 
e.  Another  method  of  cell-division  is  that  which  is  termed 
rejuvenescence  or  renewal  of  a  cell,  where  the  whole  contents  of  a 

cell  contracts,  some  of  the  oeD- 
FiG.  1124.  "*P  ^  expelled,  the  d^orophyD 

becomes  reananged,   and    its 

whole  form  alters  as  it  escapes 

from  the  cell-wall  and  even- 

J/    ^^^  ^^lAi     tnally  forms  a  fresh  cell-wall. 

^^^k     ^^H      ^^B  process  may  be  well  seen  in 

sJl^^w        ^^B      theswann-sporesof  (X^efeootiiiciN 

^^  I^Bl  BafiMy  of  Cdt-prodneHon, 

— By  the  ordinaiy  method  of 
cell-division,  cells  are  in  many 
instances  produced  with  almort 
inconceivable  rapidity.  Thus  it 
has  been  stated  that  a  fungus 
of  the  Pnff'ball  genus  has  been 
known  to  grow  in  a  single  night, 
in  damp  warm  weather,  ^m 
the  size  of  a  mere  point  to 
that  of  a  large  gourd  ;  and  it 
has  been  calculated,  from  the 
average  size  of  its  component 
cells,  that  such  a  plant  must 
have  contained  at  least  forty- 
seven  thousand  milliaih  cells,  SQ 
/V- 1124.  A,  B.  Escape  of  the  swurm-spores  that  they  must  have  been  de- 
of  an  (EJoganium.  c.  One  in  free  mo-   veloped  at  the  rate  of   nearly 

tion.     D.  The  Hame  after  it  has  become     ,       *-i  j      •n*  i.       ^ 

fixed,  and  has  formed  the  attaching   fOUr  ttlOUSanamUlums  yerhOUTf 

disc.  B.  EiM»pe  of  the  whole  protoplasm   or  more  than  sixty-six  mUUons 

?«iS?Ti:iJSJ..°,!o^'TIftrwVJl'  pernimute.     Another  illurtr.- 
hoim.)  tion  of  the  rapid  production  of 

cells  is  afforded  us  in  arctic  and 
alpine  regions,  where  it  frequently  happens  that  the  snow  over 
an  extensive  area  is  suddenly  reddened  by  the  Red  Snow-plant 
(  fig.  1).  Again,  it  may  readily  be  ascertained  that,  in  a  favour- 
able growing  season,  many  stems  will  increase  three  or  four 
inches  in  length  in  twenty-four  hours  ;  the  Agave  or  American 
Aloe,  when  flowering  in  our  conservatories,  has  been  known  to 
develope  its  flower-stalk  at  the  rate  of  at  least  a  foot  a  day ; 
and  in  the  warm  climates  where  it  is  indigenous,  as  in  tlie 
Mauritius,  it  wiU  grow  at  least  two  feet  in  the  same  period  of 
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Fio.  1125. 


time.  LeaTOB  also  in  some  cases  develope  very  rapidly ;  thus 
Mulder  states  that  he  has  seen  the  leaf  of  UiwMa  meeiosa 
lengthen  at  the  rate  of  from  one  and  a  half  to  three  ana  a  half 
lines  per  hour,  and  even  as  much  as  from  four  to  five  inches 
per  day.  In  idl  these  cases  of  rapid  growth  in  size,  it  must  b» 
remembered,  however,  that  the  increase  is  due  not  only  to  the 
formation  of  new  cells,  but  also  to  the  expansion  of  those  pre- 
viously formed. 

2.  Absorption  and  Tixmsmiation  of  Fluids, — The  cell- wall  of  all 
young  and  vitally  active  parenchymatous  or  prosenchymatoun  cells, 
is  capable  of  readily  imbibing  fluids,  and 
we  find,  accordingly,  that  liquid  matters 
are  constantly  being  absorbed  and  trans- 
mitted through  such  cells.  The  power 
which  thus  enables  cells  to  absorb  and 
transmit  fluids,  is  called  osmose.  This 
physical  force,  as  will  be  afterwards 
shown,  is  a  most  important  agent  in  plant- 
life,  for  by  its  agency  plants  are  enabled, 
not  only  to  abborb  crude  food  by  their 
roots  in  a  fluid  state,  but  also  to  transfer 
it  upwards,  from  cell  to  cell,  to  the  leaves 
and  other  external  organs,  for  the  purpose 
of  being  elaborated  by  the  action  of 
light  and  air.  It  is,  morever,  by  a  some- 
what analogous  process  {dijf\mmi  of 
gases),  that  the  cells  on  the  surface  of 
plants  are  enabled  to  absorb  and  transmit 
gaseous  matters. 

Osmose  may  be  explained  as  follows: — 
Whenever  two  fluids  of  diflerent  densities 
are  separated  by  a  permeable  membrane  Fig.wu,  Apparatw  to  show 
which  is  capable  of  imbibing  them,  there  TTvUa^t  duJd  "iiS 
is  always  a  tendency  to  equalisation  of      syrnp,  to  the  open  end  of 

density  between  the  two,  from  the  forma-      TJI?'?!.  '  JSJf.*li!iif  ?i!?^ 
..         /  ^  •    i_   xi-  j«       A*  i.*  1.        and  the  wbole  placed  In  a 

tion  of  a  current  m  both  directions,  which       Teasel  oontaining  water. 

will  be  modified  by  the  action  of  the  mem- 
brane, as  well  as  by  their  own  rates  of  diffusion.  This  osmotic 
action  may  be  easily  observed,  by  filling  a  bladder  with  coloured 
syrup,  attaching  to  its  open  end  a  glass  tube,  and  then  immersing 
it  in  a  vessel  containing  water  {fig,  1125).  Under  such  circum- 
stances the  volume  of  the  denser  fluid  in  the  interior  of  the 
bladder  becomes  increased  (as  will  be  at  once  seen  by  its  rise 
in  the  tube),  by  the  more  rapid  passage  through  the  membrane 
of  the  thinner  fluid  than  of  the  thidcer,  though  at  the  same 
time  a  less  portion  of  the  syrup  passes  out  into  the  water  or 
thinner  fluid,  as  may  be  proved  by  the  sweet  taste  and  colour 
which  the  latter  gradually  acquires.  This  double  current  will 
continue  as  long  as  there  is  any  material  difference  of  denaify 
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between  the  two  liquids.  The  stronger  in-going  current  is 
termed  endoamosef  and  the  weaker  outgoing  current  exotmiote. 
If  the  position  of  the  liquids  be  reversed,  the  currents  will  be 
reversed  in  like  manner,  the  preponderatinff  current,  in  almost 
all  cases,  being  that  which  sets  from  the  thinner  to  the  denser 
liquid. 

The  absorption  and  transmission  of  liquid  matters  through 
cells  is  now  very  easy  to  explain,  for  as  the  fluid  contents  of 
the  cells  of  the  roots  of  plants  are  denser  than  the  water  con- 
tained in  the  media  in  which  they  grow,  they  will  continually 
absorb  the  latter  by  end  jsmose  ;  and  as  the  changes  which  are 
going  on  in  the  ceUs  by  evaporation,  assimilation,  and  other  pro- 
cesses on  the  surface  of  plants,  tend  to  thicken  their  contained 
liquids,  there  will  also  be  a  constant  passage  of  the  absorbed 
fluids  from  cell  to  cell  towards  those  parts  where  such  processes 
are  taking  place.  The  laws  of  ordinary  cuffieaive  or  capUUify 
attraciion  and  of  the  diffusion  of  fluids  also  regulate  the  flow  of 
the  juices,  which  in  certain  cases  may  be  even  set  in  motion  by 
either  force.  The  action,  however,  of  the  intervening  membrane 
(cell-wall),  in  greatly  modifpng  or  even  overcoming  osmotic 
action,  is  evidenced  by  the  numerous  cases  in  which  neighbouring 
cells  contain  diflerent  substances  without  their  intermixture. 
In  cellular  plants,  such  as  Algfe  and  Fungi,  absorption  may  take 
place  at  any  part  of  the  thallus  ;  while  in  vascular  plants  it  occurs 
principally  through  the  roots,  though  all  the  green  parts  may 
contribute  to  it  (see  page  763),  and  that,  too,  probably  indepen- 
dently of  the  presence  or  absence  of  stomata. 

3.  Movements  in  the  Contents  of  Cells. — In  many  cells,  and 
probably  in  all  at  a  particular  period  of  their  life,  when  they 
ai*e  in  a  vitally  active  state,  a  kind  of  movement  of  a  portion 
of  their  contents  takes  place.  This  movement  is  sometimes 
erroneously  considered  as  a  kind  of  rotation  of  the  watery 
cell-sap,  but  the  very  complete  observations  of  Mohl  have 
proved  that  it  is  due  to  a  circulation  of  the  protoplasm,  which 
is  rendered  visible  by  the  opaque  granular  particles  which  it 
contains  (figs,  1126  and  1127).  The  protoplasm  thus  circulating, 
does  not  pass  from  one  cell  to  another,  but  is  strictly  confin^ 
to  the  cell  in  which  it  originates.  This  kind  of  movement  has 
been  termed  Rotationy  Gyration,  or  IntrcbceUidar  Circ^ilation  :  it 
ceases,  in  the  generality  of  cases,  in  cells  when  they  have  attained 
a  certain  size,  but  in  those  of  many  aquatic  plants  it  continues 
throughout  their  life. 

The  appearances  presented  by  these  movements  vary  in 
diflerent  cases.  Thus,  in  the  cells  of  many  hairs,  as  in  those 
of  the  Common  Spider  wort  {TradescafUia  virginica),  the  Potato 
(Solanum  tuberosum)  (fig,  89),  and  AUhaa  rosea  (fig,  1126),  the 
protoplasm  becomes  hollowed  out,  and  the  motion  is  in  reticulated 
currents,  radiating  apparently  fit>m,  and  returning  to,  the  nu- 
deui ;  to  thia  action  the  term  eircuUUion  is  applied.     In  the 
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cells  of  the  leaves  of  the  VaUitnerla  (fig.  1127)  and  AnaeiiarU, 
and  in  those  of  other  parts  uf  the  same  plants,  intracellulu' 
niuvements  may  be  readily  obserred  when  they  are  subuitted 
tu  a  moderate  microHCopic  power  ;  here,  however,  the  protoplasm 
dues  not  become  hollowed  out,  but  with  its  granular  cuntents 
will  be  seen  to  pass  round  the  interior  of  the  walls  of  each  cell, 
retaiuing  its  activity  jiertiianently  ;  which  movement  is  called 
rvtJititrn.  Dr.  Beale  lias  figured  the  rotation  in  ViMuner'ui,  at 
seen  when  lusgniliHtl  2,8<W  diameters  (/fi.io  tu  Work  mith  tl\e 
Micruiaipe) ;  he  describes  the  circulating  stream  as  consisting  of 


extremely  minute  apparently  spherical  particles  of  '  ^rminal 
matter  .  .  .  endowcNl  with  active  motive  power,'  and  with  them 
the  larger  masses  of  chlorophyll  are  carried.  In  the  C3taracea, 
and  especially  in  the  Nitellm,  which  are  transparent,  the  moving 
protoplasm  does  not  rotate  round  the  walls,  nor  in  reticular 
currents,  but  passes  obliquely  up  one  side  of  the  cell  (fi^. 
I112)antil  it  reaches  the  excremily,  and  then  flows  down  in 
an  opposite  direction  on  the  other  side.  Another  difference  in 
these  plant*  is  that  the  priiuordial  utricle  with  the  chlorophyll* 
curpuHcles  embedded  in  it  remains  attached  to  the  cell-wall  and 
motionleas,  while  a  thick  mucilaginous  layer  between  it  and  the 
watery  ceil-sap  within  is  the  part  that  circulates. 

No  satisfactory  explanation  has  yet  been  brought  forward 
to  account  for  this  movement,  but  it  is  untiueationabTy  connected 
with  the  vitftUty  uf  the  aell-cont«nts,  and  all  agents  that  actm^y 
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injure  the  cell  will  generally  stop  it  at  once,  and  pennanently, 
though  in  some  plants  (as  Chara)  a  kurge  cell  may  be  tied  across 
the  middle  with  the  effect  of  stopping  the  circolatioii  tempo- 
rarily ;  but  after  a  short  time  it  will  recommence  in  each  half. 
The  movements  of  the  ciliattd  zoo$pons  of  the  Algse  (see  page 
3S5y  and  figs.  72-74),  and  those  of  the  eUicUed  »permaiaza%(U 
or  MUherozoids  of  Algee  (see  page  387  and  fig,  856),  and  of  the 
higher  Gryptogamic  juants  (see  page  368  andyi^.  7d7),  are  uaually 
regarded  as  '  ancdogoua  to  the  rotation  of  the  protopUum,' 

4.  Elaboration  of  the  CeU-conteiUs. — All  cells  exposed  to  light 
and  air  which  contain  protoplasm,  have  the  power  of  producing 
in  their  contents  the  various  compounds  which  are  concerned  in 
the  development  of  new  tissues,  and  in  the  formation  of  the 
various  secretions  of  the  plant.  (See  Respiration  and  Aasimila- 
tion.)  In  old  ceUs  the  secretions  of  the  plant  are  also,  in  part, 
deposited. 

2.  Functions  of  Prosbnchymatous  Cells  a^td  Prossn- 
CHYMA. — Prosenchymatous  cells  are  especially  adapted  by  their 
construction  and  mode  of  combination  into  a  tissue,  for  giving 
strength  and  support  to  plants  ;  and  there  csn  be  no  doubt  bu( 
that  this  is  one  of  the  offices  which  they  perform.  In  a  young 
state,  also,  before  their  walls  are  thickened,  they  appear  to  be 
the  main  agents  by  which  the  fluids  absorbed  by  the  roots  are 
carried  upwards  to  the  leaves  and  other  external  organs,  to  be 
elaborated  by  the  agency  of  light  and  air.  The  experiments  of 
Hoffmann,  Unger,  and  others,  seem  to  prove  this.  Thus,  Hoff- 
mann, by  placing  plants  in  such  a  situation  as  to  cause  them  to 
absorb  a  solution  of  ferrocyanide  of  potassium,  and  then  adding 
a  persalt  of  iron  to  sections  of  them,  found  that  the  prussian 
blue  which  was  formed  by  the  reaction  of  the  chemical  agents 
thus  applied,  was  principally  deposited  in  the  prosenchymatous 
cells.  tJnger  also  came  to  the  same  conclusion,  by  causing 
plants  to  absorb  a  coloured  vegetable  juice,  and  tracing  its 
passage.  But  other  experimenters,  such  as  Link,  Rominger, 
and  Spencer,  have  arrived  at  opposite  conclusions.  (See 
Fuiu:ti</na  of  Vessels.)  The  down  current  of  elaborated  aap  is 
generally  believed  to  pass  through  the  liber-oeUs  of  the  inner 
Dark. 

3.  Functions  op  Vessels  and  Vascxtlae  Tissue. — The 
functions  of  the  spiral,  annular,  reticulated,  pitted,  and  scaJari- 
form  vessels  have  been  a  subject  of  much  dispute  from  an  early 
period,  and  have  been  repeatedly  investigated.  Halea,  Bischoff, 
and  others  came  to  the  conclusion  that  these  vessels  were 
carriers  of  air,  and  it  is  certain  that  air  alone  is  found  in  old 
vessels  ;  while  Dutrochet,  Link,  Rominger,  &o.,  believed  that 
their  essential  function  was  to  carry  fluids  from  the  root  up- 
wards, which  views  from  recent  observations  appear  to  be  cor- 
rect. According  to  Link,  when  plants  are  watered  for  aeveial 
days  with  a  solution  of  ferrocyanide  of  potassium,  and  after- 
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wardfl  with  a  solution  of  persulphate  of  irmi,  prusaian  blue  is 
found  in  the  vessels,  and  not  in  the  prosenchymatous  cells,  as 
the  experiments  of  Hofi&uann,  alluded  to  in  speaking  of  the 
functions  of  prosenchymatous  cells,  seem  to  indicate  ;  and,  more 
recently,  the  experiments  of  Herbert  Spencer,  conducted  with 
great  care,  tend  to  show  that  in  young  plants  at  all  events  the 
vessels  are  the  chief  sap-carriers,  whence  the  fluid  exudes  into 
the  surrounding  prosenchjrma. 

Function  of  Laiicifermis  Vessels  or  Tissue.— The  physio* 
logical  importance  of  these  veeseb  has  given  rise  to  much 
discussion,  and  is  still  involved  in  obscurity.  Nothing  further 
is  absolutely  known,  than  that  they  contain  a  watery  granular 
fluid,  which  may  be  mucilaginous,  gummy,  or  of  an  odoriferous 
or  coloured  oily  character,  which  becomes  milky  on  exposure  to 
air,  and  to  which  the  name  of  latex  has  been  given.  When  ihe 
watery  constituents  have  evaporated,  the  latex  generally  assumes 
a  transparent  resinous  character.  Lindley,  and  some  other 
authors,  believe  that  these  vessels  '  convey  the  elaborated  sap 
of  a  plant  to  the  places  where  it  is  needed,  and  especially  down 
the  inner  part  of  the  bark  of  Exogens.'  (See  also  page  48.) 
Schultz  called  the  tissue  formed  by  the  ramifications  of  the 
laticiferous  vessels  ciiienchyma,  because  he  believed  that  he  had 
discovered  in  it  a  peculiar  vital  movement  or  circulation  of  the 
latex,  tu  which  he  gave  the  name  of  cydosis,  Lestibondois  has 
also  made  out  a  circulation  of  the  contents  of  laticiferous  vessels. 
This  movement  may  be  seneraUy  observed  by  placing  a  leaf  of 
the  common  Celandine  {Chelidonium  majiu),  previoiudy  dipped 
in  oil,  under  the  microscope,  and  it  is  described  by  Balfour 
'  to  resemble  in  many  respects  the  i^pearance  presented  by  the 
circulation  in  the  web  of  a  frog's  foot.'  We  have,  however, 
never  succeeded  in  observing  such  an  evident  circulation  in  any 
laticiferous  tissues  examined  by  us,  although  we  asree  with 
Schultz,  Balfour,  Carpenter,  and  others,  that  a  kind  of  vital 
movement  of  the  latex  does  occur  in  the  uninjured  plant. 
Amici,  Treviranus,  Mohl,  Henfrey,  and  others,  altogetiier  deny 
the  existence  of  any  such  movement  in  uninjured  tissues, 
and  describe  the  circulation  as  depending  *  upon  a  disturbance 
of  the  equilibrium  by  external  causes,  such  as  pressure  and 
heat,  and  may  be  produced  at  will  in  any  direction  by  making 
an  incision,  towards  which  the  juice  flows.' 

Tn§cul  has  propounded  a  new  theory  as  to  the  functions  of 
the  laticiferous  vessels.  This  physiologist  states  that  he  has 
seen  the  laticiferous  vessels  in  many  milky  plants  communicating 
freely  with  the  other  vessels,  and  he  concdudes  that  they  act  as 
venous  reservoirs  to  the  circulating  fluid. 

4.  Functions  of  Epidermal  I'imsue. — The  special  functions 
of  epidermal  tissue  are  : — to  protect  the  tissues  beneath  from 
injury,  and  from  being  too  rapidly  afiected  by  atmospheric 
changes  ;  to  regulate  the  transpiration  or  exhalation  of  waterj 
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fluids ;  to  absorb  and  exhale  gaseous  matters  ;  and  probably, 
to  some  extent,  to  absorb  \vater.  The  epidermis  itself  is 
specially  designed  to  prevent  a  too  ready  evaporation  of  fluid 
matters  from  the  tissues  beneath,  and  henoe  we  find  that  it  is 
variously  modified  to  suit  the  different  conditions  to  which 
plants  are  submitted.  Thus,  in  submersed  plants  and  sub- 
mersed parts  of  plants,  which  are  always  exposed  to  similar 
influences  as  regards  moisture,  there  is  no  true  epidermis ; 
whilst  in  aerial  plants  submitted  to  ordinary  influences  in  cold 
and  temperate  climates,  we  generally  find  an  epidermis  with 
only  one  layer  of  thin-sided  cells,  and  covered  by  a  cuticle  of 
only  moderate  thickness.  Cellulose  is  rarely,  and  then  only 
with  difficulty,  discovered  in  cuticle,  which  is  a  thin  structureless 
membrane  extending  iinintemiptedly  over  the  boundaries  of 
the  subjacent  epidermal  cells.  It  is  coloured  yellow  or  yellow- 
brown  on  the  addition  of  iodine,  with  or  without  sulphuric 
acid  ;  it  is  soluble  in  boiling  caustic  potash,  but  insoluble  in 
concentrated  sulphuric  acid.  In  other  aerial  plants,  however, 
growing  in  the  same  latitudes,  such  as  the  Box,  &c.^  and 
generauy  also  in  those  of  a  succulent  nature  where  there  is  but  a 
moderate  exhalation,  we  find  the  upper  walls  of  the  epidermal 
cells  especially  thickened,  or  protected  by  a  dense  layer  of 
cuticle  ;  whilst  in  aerial  plants  growing  in  very  dry  or  hot 
regions,  as  the  Oleander  (Jig.  121),  we  have  frequently  an  epi- 
dermis of  two,  three,  or  more  layers  of  thick-sided  oella,  and 
other  special  contrivances  to  prevent  a  too  ready  exhalation  of 
fluid.  For  instance,  De  Bary  states  that  wax  may  be  de- 
posited in  the  cuticle,  and  that  on  heating  to  about  100^  C. ,  it 
separates  out  in  the  form  of  drops.  This  wax  may  be  associated 
with  resin,  and  assists  in  preventing  the  aerial  parts  of  plants 
from  becoming  moistened  by  water.  Such  plants  as  these  are 
best  fitted  for  growth  in  houses,  where  the  air  is  usually  very 
dry.  While  the  epidermis  may  thus  be  shown  to  have  for  its 
object  the  restraining  of  a  too  abundant  exhalation,  the  slomata 
are  especially  designed  to  facilitate  and  regulate  the  passage  of 
fluid  matters,  and  in  proportion  to  their  number,  therefore, 
upon  the  different  organs  and  parts  of  plants,  cseteris  paribus^ 
so  will  be  the  exhalation  from  them.  The  exact  manner  in 
which  the  stomata  act  is  not  readily  explained,  but  it  may  be 
always  noticed,  that  when  plants  are  freely  supplied  with 
moisture,  the  stomata  have  their  bordering  guard-cells  dis- 
tended with  fluid,  elongated,  and  curved,  so  that  the  orifices 
between  them  are  open  ;  whilst  in  those  cases  where  there  is  a 
deficiency  of  fluid,  the  bordering  cells  contract,  straighten  on 
their  inner  surfaces,  and  thus  close  the  orifices.  Under  the 
former  condition  of  stomata,  there  is  a  ready  communication 
between  the  external  air  and  the  internal  tissues,  and  hence  a 
free  exhalation  takes  place  ;  while  in  the  latter  state,  the  ex- 
halation \B  moT«  OT  U«ai^revented.     As  a  rule,  stomata  are  open 
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clurine  the  day  when  circumstances  are  favourable,  and  closed 
at  night  when  the  plant  is  asleep. 

It  is  also  through  the  cells  of  the  epidermis,  and  more  espe- 
cially through  the  stomata,  that  certain  gaseous  matters  are 
absorbed  from,  and  exhaled  into,  the  atmosphere,  in  the  pro- 
cesses of  Respiration  and  Assimilation.     (See  page  773.) 

It  is  still  a  disputed  question  whether  the  epidermal  tissue 
and  its  appendages  have  the  power  of  absorbing  liquids,  such 
as  water.  Some  authors,  as  Unger  and  Duchartre,  not  only 
deny  the  possession  of  such  a  power,  but  also  that  of  taking  up 
watery  vapour ;  and  Prillieux  has  repeated  their  experiments 
with  the  same  results  and  conclusions.  Recent  researches  of 
the  Rev.  G.  Henslow  seem,  however,  to  prove  that  leaves  can 
absorb  moisture.  (See  page  773.)  Indeed,  it  is  very  difficult 
to  account  for  the  immediate  recovery  of  drooping  plants  in  a 
greenhouse  when  water  is  sprinkled  upon  the  floors,  or  the 
revival  in  nature  of  vegetation  when  a  mist  follows  a  long 
succession  of  dry  weather — except  on  the  supposition  that  watery 
vapour  is  taken  up  by  the  epidermal  tissue  and  its  appendages, 
imless  the  presence  of  moisture  acts  only  in  the  way  of  checking 
transpiration.  Epiphytical  species  seem  also  to  obtain  nourish- 
ment from  the  atmosphere  by, absorption  through  the  epider- 
mis. Whether  water  itself  is  absorbed  by  the  epidermal  tissue 
and  its  appendages  is  doubtful.  Various  experimenters  have 
endeavoured  to  show  that  they  have  this  power.  The  researches 
of  Garreau  led  him  to  the  following  conclusions  : — 1.  That  the 
epidermis  possessed  an  evident  endosmotic  property,  the  in- 
tensity of  which  was  in  proportion  to  the  ase  of  the  tissues 
which  it  invested  ;  thus  it  was  greatest  when  they  were  young, 
gradually  diminished  as  they  approached  mattunty,  and  was 
altotcether  lost  when  they  became  old.  2.  The  absorbing  power 
of  the  epidermis  was  greater  in  proportion  to  the  absence  of 
waxy  or  fatty  matters.  3.  The  epidermis  covering  the  upper 
surface  of  the  ribs,  and  especiaUy  of  that  of  the  petiole  where 
it  joins  the  stem,  is  that  part  of  the  leaf  surface  wnich  presents 
the  most  marked  power  of  absorption.  4.  In  certain  instances 
in  which  the  epidermis  is  absorbent,  the  cuticle  presents  impedi- 
ments to  absorption.  5.  Simple  washing  with  distiUed  water, 
and  more  especially  with  soap  and  water,  augments  the  absorp- 
tive power.  6.  When  the  epidermal  tissues  of  leaves  have  lost 
their  power  of  absorbing  water,  they  can  still  absorb  carbon 
dioxide. 

OHgin  and  DevelopmeiU  of  Stomata, — A  stoma  is  formed  by 
the  division  of  an  epidermal  cell  (the  mother-ceU)  by  a  partition 
which  extends  across  and  divides  the  two  daughter-  or  sister-cella 
(fig.  1128) ;  this  partition  then  becomes  thickened,  especially  at 
the  angles  where  it  joins  the  wall  of  the  parent-cell.  After  a 
time  the  thickened  partition  becomes  laminated,  when  a  cleft 
appears  in  it,  narrower  in  the  middle,  wider  without  and  within;^ 


TSt   rcNcnoite  or  teb  ArpxHDAOBs  or  thx  iTiDiBias. 

I&r  apace  wit 
the  parent  celldiTidedKcuticuWiBationof  its  ■nifaoe  took  place, 
the  <;uticie  extending  oTsr  the  apposed  surf&oea  of  the  aiator  oella. 
Even  when  the  diviaion  is  complete,  s  portion  (if  the  leaf  ii  ax- 
amined  in  a  superficial  position)  still  remains  as  a  simple  lamella 

Fic.  I12S. 


These  two  siBter  or  daughter  cells  are  called  guard  cells,  and  fur- 
ther difier  from  the  rest  of  the  epidermis  in  containing  chlorophyll 
and  starch.  Stomata  are  sonietimeB  found  atthehottom  of  funnel- 
ahaped  depressions,  BonietimeH  projecting  above  the  gensral  level, 
though  usually  they  are  on  the  same  level.     (See  page  57). 

B.  FuKcnosa  ot  the  Apphsdages  of  the  Epidekhib.— 
Hairi  and  their  modifications  appear  to  be  designed  to  protect 
the  epidermis  and  parts  beneath  from  injury  due  to  cold  and  other 
external  infiuences,  hence  vre  find  young  buds  (see  page  100), 
&c.,  frequently  coated  with  hairs.  Hairs  also  appear  in  certain 
instances,  at  least  to  some  extent,  to  absorb  fluid  matters  from 
the  atmosphere,  whilnt  in.  other  cases  they  serve  to  assist  the 
epidermis  in  restraining  exhalation  ;  and  ne  find,  acoordinf^, 
that  plants  which  are  densely  coated  with  them  are  well  adapted 
to  grow  in  dry  arid  situations,  and  to  sustain  without  injury  a 
season  of  drought. 

OlaiuU  are  thoae  organs  which  in  themselves  secrete  some 
peculiar  matter.  (See  page  61.)  These  secretions  are  eitiier 
permanently  stored  up  in  them,  or  excreted. 

6.  PVnctionb  op  the  Intbrcellui.a&  SraTBH. — The  inl«r- 
c^llular  caruiU,  except  at  those  times  in  which  the  tisauea  of  the 
plant  are  goi^ed  with  sap,  as  in  the  sprinff  of  the  year,  are 
filled  with  air,  and  the  especial  function  which  they  peifotin 
is  to  allow  a  communication  between  the  external  air  and  the 


the  diffusion  of  gases.  They  likewise  facilitate  exhsdation  o 
liquid  matters  by  their  coanection  with  the  stomatk.  The  iiibr 
cefliUur  spaces  are  also,  in  moat  casei,  filled  with  air  ;  wluk  the 
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air-cells  and  air-cavitieSf  as  their  names  imply,  are  in  like  manner 
filled  with  aeriform  matters,  and  in  water-plants  are  especiallv 
designed  to  diminish  the  specific  gravity  of  the  parts  in  which 
they  are  found,  and  thus  to  enahle  them  to  float  readily.  The 
receptacles  of  secretion^  as  their  name  implies,  contain  the  pecu- 
liar secretions  of  certain  plants,  and  are  closely  allied  in  their 
nature  to  glands.     (See  page  68.) 

Section  2.  Physiology  op  the  Oroaks  op  Nutrition  or 

Vbobtation. 

1.  Op  the  Root  or  Dbscendino  Axis.  —  The  offices  per- 
formed by  the  root  are  : — 1.  To  fix  the  plant  firmly  in  the  earth 
or  to  the  substance  upon  which  it  grows,  or,  in  some  aquatic 
plants,  to  float  it  in  the  water.  2.  To  absorb  liquid  food.  3. 
According  to  some  authors,  to  excrete  into  the  soil  certain 
matters  which  are  injiurious,  or  at  least  not  necessary  for  the 
healthy  development  of  the  plant,  though  in  the  earth  they  may 
assist  subsequent  nutrition  by  dissolving  substances  which 
could  not  otherwise  pass  into  the  plant.  4.  To  act  as  a  reservoir 
of  nutriment. 

The  office  which  the  root  performs,  of  fixing  plants  in  those 
situations  where  food  can  be  obtained,  is  evident,  and  needs  no 
further  remarks.  It  is  also  essential  to  the  proper  performance 
of  its  absorptive  powers. 

Absorption  by  the  Root. — The  function  which  the  root  per- 
forms of  absorbing  nutriment  for  the  uses  of  the  plant,  from 
the  materials  in  or  upon  which  it  grows,  is  not  possessed  by  its 
whole  surface,  but  is  almost  exclusively  confined  to  the  cells 
and  fibrils  (fig.  243)  of  the  newly  developed  portions  and  young 
parts  adjacent  to  them.  Hence  in  the  process  of  transplanting, 
it  is  necessary  to  preserve  the  young  growing  roots  as  far  as 
possible,  otherwise  the  plants  thus  operated  upon  will  languish 
or  die,  according  to  the  amount  of  injury  they  have  sustained. 
The  injury  done  to  plants  in  transplanting  is  also  to  a  great  ex- 
tent influenced  by  atmospheric  circumstances  and  conations  of 
the  soil  at  the  time  in  which  such  an  operation  is  performed  ; 
thus,  under  the  favourable  circumstances  of  a  warm  soil  and  moist 
atmosphere  the  destruction  of  a  large  portion  of  the  young 
extremities  of  the  root  will  do  but  little  injury,  as  the  plant 
will  then  speedily  form  new  absorbent  extremities  ;  but  if  the 
conditions  of  the  earth  and  soil  be  the  reverse,  then  a  large 
destruction  of  the  young  extremities  of  the  roots  will  cause  the 
plant  to  die  before  new  absorbent  extremities  can  be  formed. 
Special  attention  should  be  paid  to  the  above  facts  when  trans- 
planting is  performed  in  the  growing  season ;  but  it  is  far 
better,  when  possible,  to  transplant  late  in  the  summer  or  in 
the  autumn  when  the  growing  season  is  drawing  to  a  close,  or 
in  the  spring  before  it  has  recommenced,  as  at  such  periods 
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little  or  no  absorption  takes  place,  and  the  plants  liave  aooord> 
ingly  time  to  recover  themselves,  before  they  are  required  to 
perform  any  active  functions.     (See  page  819.) 

This  absorption  of  food  by  the  youngest  rootlets  is  due  to 
osmose  taking  place  between  the  contents  of  their  cells  and  the 
fluids  of  the  surrounding  soil.  But  it  should  be  noticed  that,  as 
already  mentioned  (page  121),  the  dense  cells  at  the  extareme  apex 
of  the  rootlets  forming  the  cap  are  not  adapted  for  absorption. 

Roots  absorb  more  water  than  the  plant  requires,  and  this 
excess  of  fluid  exerts  a  pressure  up  the  stem  called  Rooi^prttsHrt 
which  may  be  measured  by  cuttmg  oS  the  upper  part  of  the 
stem  of  a  growing  plant  and  attaching  a  manometer  to  the  cut 
end.     (See  page  821.) 

Boots,  as  will  be  shown  (page  767),  only  grow  in  length 
by  additions  near  to  their  extremities,  and  as  it  is  at  these 
parts  that  absorption  of  food  almost  entirely  takes  place,  they  are 
always  placed  in  the  most  favourable  circumstances  for  obtain- 
ing it  because  in  their  growth  they  are  constantly  entering  new 
nod,  and  hence,  as  one  portion  of  that  soil  has  its  nutritious 
matters  extracted,  another  is  entered  which  is  in  an  unexhausted 
state.  It  has  also  been  shown,  by  direct  experiment,  that  when 
the  roots  meet  with  a  store  of  nourishment  in  the  soU,  a  gieatly 
increased  development  of  rootlets  and  fibrils  takes  place  for  ita 
absorption. 

Roots  can  only  absorb  substances  in  a  liquid  state,  therefore 
the  difierent  inorganic  substances  which  are  derived  from  the 
soil,  and  which  form  an  essential  part  of  the  food  of  plants, 
must  be  previously  dissolved  in  water.  If  the  roots  of  a  freely 
growing  plant  be  placed  in  water  in  which  charcoal  in  the  most 
minute  state  of  division  has  been  put,  as  that  substance  is  in- 
soluble in  the  fluid,  it  will  remain  on  the  surface  of  the  roots, 
and  the  water  alone  will  pass  into  them. 

Selection  of  Food  by  Roots. — Various  experiments  have  been 
devised  to  ascertain  whether  the  plant  possesses  any  power 
of  selecting  food  by  its  roots.  Saussure  proved,  that  when 
the  roots  of  plants  were  put  into  mixed  solutions  of  various 
salts,  some  were  taken  up  more  freely  than  others.  He  also 
found  that  dead  or  diseased  roots  absorbed  differently  to  those 
in  a  living  and  healthy  condition.  The  experiments  of  Daa- 
beny,  Trinchinetti,  and  others,  lead  essentially  to  the  same 
conclusions.  Again,  though  the  seeds  of  the  common  bean  and 
wheat  be  sown  in  the  same  soil,  and  exposed,  as  far  as  possible, 
to  the  same  influences  in  their  after-growth  and  development, 
yet  chemical  analysis  shows  that  the  wheat  stalk  contains  a 
much  larger  proportion  of  silica  (which  it  must  have  obtained 
from  the  soil)  than  that  of  the  bean. 

The  experiments  of  Bouchardat,  Vogel,  and  others,  appear, 
on  the  contrary,  to  indicate  that  roots  absorb  all  substances  m- 
to  them  indifferently,  and  in  equal  proportions.     But 
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ironimple  fact,  oa  jiut  mentiornid,  which  is  eBsily  proved  by 
ffi  chemical  anal y sis ^tliat  the  aihes  of  diffurent  planUi  contain  dif- 
M-  irrent  aiibatancaE  or  in  ditTerenC  pruportionn — leema  to  prora 
1^  iiiconteatabl;  that  roota  have  a  power  of  aRlecting  (.heir  food.    In 
^  tiaing  the  term  mleftiiuj,  we  do  not,  however,  intend  to  implj 
^  lliat  roota  have  any  inlierent  vital  power  of  aelectioii  roaenibling 
P    lUiinul  volition,  but  nnlj  to  expreu  Cho  result  produced  by  virtue 
.if  Uio  mutual  Mitioni  of  the  rout  and  the  aubstancea  which  aur- 
round  it  in  the  aoil.     Thia  power  or  property  of  selection  ia 
without  doubt  due  to  aome  at  present  but  Uttle  underatood 
luoleoular  relation  which  exist*  between  the  menibranaa  of  the 
celU  of  different  plants  and  the  Hul)atancea  which  are  taken  up 
or  nijected  by  theui,  different  roots  poaseaaing  different  oamotio 
action  for  the  same  subatancea.     It  foUowH  also,  from  the  re- 
cognition of  thia  action  aa  the  caiiae  of  the  abaorption  of  fluid 
matters  by  the  plant,  tliat  poisonous  substances  may  be  taken 
up  when  in  solution  by  the  roots,  provided  their  tiasuea  are  not 
injured  by  them  in  their  pasaatce  ;  and  we  find,  accordingly, 
thftt  when  such  substancea  are  found  in  the  aoil.  acorreaponding 
•fEect  ia  produced  upon  plants  by  their  absorption. 

Bxcrelitmby  iioof*.  —  Roots  seem  to  have  no  power  of  getting 
rid  of  eicrementitious  matters  like  that  possessed  by  animals  ; 
but  th&t  they  do  throw  off  into  the  soil  a  portion  of  their  contenU 
b;  a  proceas  of  exosmoae,  which  appeara  to  be  an  atmnet  neceasaij 
ratult  and  accompaniment  of  the  endoamoae  by  which  abaorption 
takes  place,  is  poaaibte.  Carbon  dioxide  is  probably  parted  with 
by  roots  in  thia  way. 

Storing  of  NtUnmmt  by  Rooti. — Roots  are  frequently  en- 
larged for  the  purpose  of  acting  as  reservoirs  of  nutriment  in 
the  form  of  starchy,  gummy,  and  similar  matters  for  the  future 
support  of  the  plant.  The  tuberculas  of  the  dahlia  (^^.  25S)And 
orohis  (fig:  256and  267) ;  and  the  roots  of  the  turnip  (fig.  204), 
carrot  (ifig.  262),  and  other  bienniala,  are  familiar  illuatrationa. 


Dtvilof>mtni  of  Boot*. — The  growing  port  of  the  nxit  ia  called 
..la  growing  point  ( punftum  iKgetafionu).  It  is  commonly  spoken 
of  »■  the  apei  of  the  root,  but  ia  not  really  so,  aince  it  is  covered 


with  a  cap  of  cells,  the  pUcnrAiza.  (See  page  121.)  The  cells 
oompoaing  it  consist  of  primaj  y  mtritt«m  ;  *  they  are  thin  walled, 
filled  with  protoplasm,  and  are  capable  of  division.  Bere,  aa  in 
>t«m«,  and  unlike  leaves,  the  laat  fonued  part  ia  towards  the 
apex  ;  hence  the  growth  in  length  ia  indefinito,  the  difference 
between  the  gmviitig  part  or  so-called  apical  ctU  in  roots  and 

*bein^  that,  in  the  former  case,  it  or  they  (for  there  is 
Hy  a  group  of  apical  cells)  are  covered  by  a  cap  of  cells 


„      o  to  that  kind  of  merirtem  (psjfe  752)  which  fumu 

it  vm-  jaang  orKuis  or  psrta  of  orRsm,  in  order  to  di»- 

.'  >iri  snousr  kind  of  meristem,  which  is  tenned  $eeimdajy 
oeoara  In  nri^aas  slong  with  permaatnl  (unu,  or  that 
M  oslls  ara  no  longer  capable  of  dividoo.  J 
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fonned  from  tlie  distal  or  apes  end  of  the  ■o-called  apical  cell 
(Jig.  1129) ;  whoreai  in  atema  Uiere  is  no  anch  cap. 

F.C.  1129.  2.   6f  TIffl    StB., 

Caulohb,  OS  As- 
CEiTDiiia  Axis. — The 
offices  perfonned  by 
the  stem  and  its 
ramificationi  are : — 
1  To  form  a  support 
for  the  leaves  and 
othoT  sppendagM  of 
the  axis  which  have 
but  a  temporaij  ex- 
istence, and  thus  en- 
able them  to  be  freely 
expo8«d  to  the  in- 
rke.  )U».  langltodlnul  leotlon  throogh  root  of  firyif    fluflnces  of  light  and 

jtruAira,  Bhowing  opirai  ngicD-  r.  A[Ack1  c«ii,  from  ^f  which  are  cQsen- 

which  an  demacacl  the  Umas  of  the  rabstuoB  of    .  -  .     -        ,,        

therool,o,t,»nilKen»t-niporpilBorlilM.*,J,iii,ii.   *^    ""^    the    proper 
(Sec  paga  iiD.)   f After  Sutu.)  perlorniajice  of  their 

functions  and  de- 
T.»lopment ;  2.  To  convey  air  and  fluid  mattew  upwanis,  down- 
wards, and  inwards,  to  the  oi^ans  of  respiration,  Bssiiiiilation, 
development,  and  accretion  ;  and  3.  To  act  aa  a  reservoir  for 
the  secretions  of  the  plant. 

.Special  Fnveliotu  o/(A«  diffrreiii  PurU  of  tht  m^m.—!.  The 
Medulla  or  Pith. — Various  functions  have  at  different  times 
been  ascribed  to  the  pith.  In  the  young  plant,  and  in  all  cases 
when  newly  formed,  the  cells  of  the  pith  are  fillud  with  a 
greenish  fluid  containing  nutrient  substances  in  a  state  of 
solution  ;  but  as  the  pith  increases  in  age  it  loses  its  colour,  be- 
comes Aty,  and  is  generally  more  or  loss  destroyed.  (See  page 
76.)  The  pith,  therefore,  would  appear  to  sene  the  temjioraiy 
purpose  of  nourishing  the  parts  which  siirronnd  it  when  they 
are  in  a  young  state  ;  and  in  some  cases  it  seems  also  to  act  as 
a  reservoir  ot  the  secretions  of  the  plant. 

2.  The  tTnod.— The  wood,  when  in  a  young  and  peri-ioua 
condition  {aUntmum),  is  the  main  agent  by  which  the  crude  sap 
is  conveyed  upwards  to  the  external  (Jigans  to  be  aerated  and 
elaborated  ;  but  whether  the  passage  is  primarily  by  the  vessels 
or  the  proBenchymatouB  cells  is  disputed.  (See  pages  760,  761.) 
As  the  wood  increaoeH  in  age,  and  becomes  heart-wood  or 
duramen,  the  tissues  of  which  it  is  composed  become  filled  with 
deposita  ot  various  kinds,  by  which  they  are  hardened  and 
solidified,  and  in  this  manner  the  stem  acquires  strength  and 
firmness,  but  the  tissues  are  no  longer  physiologically  active,  and 
are  in  fact  useless  as  carriers  ot  sap. 

Formation  of  Wood. — On  the  outside  of  the  yonng  wood, 
bat  oiganicolly  connected  with  it  and  with  the  hber  of  Dieo- 
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(yiedons,  ia  the  vitally  active  layer  of  cells  called  the  cani- 
biiim  lajer,  from  which  are  annnaJly  furmeii  new  Iityen  of  wiiod 
and  inner  liarlc.  The  ct'lU  of  the  canibiiim  hiyer  ore  filled  in 
the  spring,  and  at  other  BeikBiiiis  when  gniwth  takes  place,  with 
elabtiraled  sap,  or  that  eap  which  ciintalnR  all  the  niateriala  ne- 
cesnar;  for  the  developtnent  of  new  struclurBH.  Great  differences 
of  opinion  exist  auion|-Bt  l>otanist8  as  to  the  exact  manner  in 
which  wooil  is  deposited,  but  they  are  nearly  all  agreed  that 
the  materials  from  which  It  is  funned  at«  elaborated  in  the 
leaves,  that  nithuut  leaves  there  con  be  no  additions  to  it,  and 
that  in  iiroportion  to  their  amount  so  will  be  the  thickneM  uf  the 
wood.  It  is  necessary,  therefore,  that  the  process  of  prunins 
timber  trees  should  be  carefully  conducted,  and  that  when  planted 
they  should  be  placed  at  proper  intervals,  in  order  that  they  may 
be  freely  expuaud  to  those  iiiHuenccs  which  ore  favourable  for 
the  dpvelopnipnt  of  their  foliage. 

Herbert  Spencer  believes  that  intermittent  mechanical 
strains,  such  as  those  produced  by  the  wind,  ore  the  sole  cause 
of  the  formation  of  wood,  which  is  developed  to  resist  the  straina. 
His  experiments  were  anticipated  by  Knight  so  far  bock  ae 
16U3  ;  but  his  results  must  be  taken  with  modification.  It  is 
probably  true  that  such  a  conservative  formation  of  wood  dots 
occur  to  meet  unusuiil  strains  ;  but  the  want  of  correspondence 
in  nature  between  great  exposure  to  such  strains  and  large 
deposit  of  wood,  and  the  numerous  examples  of  great  wood- 
formation  in  ligneous  twiners  and  noiled-iip  trees,  must  prevent 
us  from  considering  it  an  all-suihcient  explanation.  In  the  costs 
where  no  strains  can  have  occurred,  '  the  natural  selection  of 
variations  can  have  only  operated  '  to  form  woihI,  according  to 
Spencer. 

3.  Tlie  Mrdiillarif  Riya. — The  functions  which  these  raya 
perfonu  is  probably  to  assist  the  diffusion  of  a  portion  uf  the 
elaborated  sap  from  the  bark  and  cambium  layer  through  the 
vood,  in  which  certain  of  the  secretions  it  contains  are  ulti- 
mately deposited. 

4.  The  Bark. — The  bark  actsasaprotectinn  tothe  young  and 
tender  parts  within  it.  The  inner  part  is  generally  believed  to 
convey  the  elaborated  sap  from  the  leaves  downwards,  in  order 
that  new  tissues  may  be  developed,  and  the  difierent  secretions 
deposited  in  the  wood  and  in  its  own  substance.  The  bark 
frequently  contains  very  active  medicinal  substances,  and  others, 
which  are  useful  in  the  arts,  &c- 

Deeetupmenl  of  the  fHem  (Cnuiotiw). — The  stem  is  developed 
from  the  apex  or  growing  point  (pimct'im  tvyetiitlvnia,  p>age  767), 
where  is  situated  the  apical  cell  or  apical  groups  of  cells.  In 
most  of  the  Cryptogamia  growth  is  effected  by  the  division  of  a 
single  apical  alt  (fig.  1130),  which  is  generally  large,  and  divides 
into  two  daughter  cells,  one  of  which  becomes  the  new  apical 
cell,  while  the  other,  the  tegmtnt-cV,  by  turtbec  division  forms 
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llie  permanent  tissue.    In  the  stems  of  the  higher  plants,  instead 
of  a  mngU  apical  cell  there  are  generally  several  such  cells,  which 
differ  from   the   like   cells  of 
Fio.  I  ISO.  roots  in  having  no  special  cap, 

and  from  k'aves  in  the  fact 
that  the  cells  last  formed  are 
at  the  apex.  (See  DetKhft- 
mmt  of  EiioU,  page  767  :  and 
of  (fie  Learts,  page  783.) 


3.  Of  the  Leave.1. — The  essential  functions  of  the  leares 
are: — I.  The  exhalation  of  the  superfluous  fluid  of  thp  crude 
sap  ill  the  form  of  watery  vapoiff ;  2.  The  ahsorption  of 
fluid  matters  ;  3.  The  absorption  and  exhalation  of  gnses  ;  and 
4.  The  fonuation  of  the  organic  compounds  which  are  concerned 
in  the  development  of  new  tiasiies,  and  in  the  formation  of  the 
various  secretion.*  of  plants.  Tliese  functions  they  are  enabled 
to  perform  through  the  influenceof  air  and  liiiht,  to  which  agentR, 
1^  their  poBition  on  the  ascending  axin  of  the  plant,  and  by 
their  own  structure,  they  are  necessarily,  under  ordinary  cir- 
oumstancen,  freely  exposed. 

1.  ExhiiUUvm  of  U'alenj  Vapour  by  Lratfs. — This  process, 
which  is  commonly  termed  lra}\tpiTatiim,K  considered  to  be  some- 
what analogous  to  the  perspiration  of  animals,  hut  in  reality  it  is 
little  more  than  evaiwration.  Its  inimedinte  object  and  eSect  is. 
the  thickening  of  the  crude  sap,  and  the  conseiguent  increase  of 
solid  contents  in  any  particular  ]>ortion  of  it.  This  transpiration 
of  watery  vapour,  ns  already  noticed  (see  page  7li2),  takes  place 
almost  entirely  tlu^sugh  the  stomata,  and  hence  as  a  general  rule 
the  qiiiuitity  transpired  will  he  in  proportion  to  their  number. 
The  presence  or  absence  of  a  true  epidennis  and  the  various 
modifications  to  which  this  ii  liable,  have  also,  as  alresdy  noticed 
(page  7C2),  an  important  influence  upon  the  transpiration  of 
fluid  matters. 

From  some  interesting  experiments  of  M.  Garreau  on  trani- 
piration  of  leaves,  he  was  led  to  draw  the  following  conclusions : 
—  1.  The  <|uantity  of  water  exhaled  by  the  upper  and  under 
surfaces  of  the  leaves  is  usually  as  1  to  2,  1  to  3,  or  even  1  to  fi, 
or  more.     The  quantity  has  no  relation  to  the  position  of  the 
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surfaces,  for  the  leaves,  when  reversed,  gave  the  same  results  as 
when  in  their  natural  position.  2.  There  Ls  a  correspondence 
between  the  Cjuantity  of  water  exhaled  and  tlie  number  of  the 
stomata.  3.  The  transpiration  of  fluid  takes  place  in  greater 
quantity  on  the  parts  of  the  epidennis  where  there  is  least  waxy 
or  fatty  matter,  as  along  the  line  of  the  ribs. 

This  transpiration  of  fluid  is  influenced  to  a  great  extent  by 
the  varying  conditions  of  the  atmosphere  as  to  moisture  and 
dryness  ;  thus,  if  two  plants  of  the  same  nature  are  submitted 
to  s'imilar  ccmditions,  except  that  one  is  placed  in  a  dry  atmo- 
sphere, and  the  other  in  a  moist,  the  foimer  will  give  ofi*  more 
fluid  tlian  the  latter,  though,  according  to  M*Nab,  a  plant  ex- 
posed to  the  sun  will  transpire  most  in  a  moist  atmosphere  ; 
while  in  the  shade,  an  atmosphere  loaded  with  vapour  causes 
transpiration  to  cease.  The  great  agent,  however,  which  influ- 
ences transpiration  is  light.  According  to  De  Candolle,  lij^ht 
is  the  only  agent  which  is  ca|>able  of  promoting  and  modifying 
transpii-ation.  He  says,  *  If  we  take  three  plants  in  leaf,  of  the 
same  species,  of  the  same  size,  and  of  the  same  degree  of  vigour, 
and  place  them,  after  weighing  them  carefully,  in  close  vessels, — 
one  in  total  darkness,  the  other  in  the  diflfused  light  of  day,  and 
the  third  in  the  sunshine,  and  prevent  absorption  by  the  roots, 
we  shall  And  that  the  plant  exposed  to  the  sun  has  lost  a  great 
quantity  i>f  water,  that  in  common  daylight  a  less  amount,  and 
that  which  was  in  total  darkness  almost  nothing.'  The  experi- 
ments of  Henslow,  Daubeny,  and  others,  also  demonstrate,  in  a 
most  conclusive  manner,  the  great  influence  of  light  upon  trans- 
piration. Daubeny,  moreover,  found  that  the  difterent  rays  of 
the  solar  spectrum  had  a  varying  influence,  the  illuminating 
rays  having  more  effect  than  the  heating  rays.  Transpiration 
has  been  studied  by  M.  Weisner  in  three  ways : — 1.  By  com- 
paring that  of  green  with  that  of  bleached  plants ;  2.  By  exposing 
plants  to  the  solar  spectrum  ;  3.  By  placing  them  behind 
solutions  of  chlorophyll.  The  result  of  these  experiments  has 
been  that  the  action  of  light  on  transpiration  is  greatly  increased 
by  the  presence  of  chlorophyll ;  that  they  are  not  the  most 
luminous  rays,  but  those  which  correspond  to  the  absorption 
band  of  the  chlorophyllian  si)ectrum,  which  excite  transpiration  ; 
and  finally,  that  the  rays  which  passed  through  the  chlorophyll 
solution  exerted  but  little  effect  on  transpiration. 

Transpiration  in  some  cases  seems  to  dei)end  but  little  upon 
whether  the  stomata  are  open  or  closed,  though  it  is  generally 
greater  on  the  under  surface  of  leaves -i.e.  where  the  stomata 
are  chiefly  found.  In  summer  transpiration  is  more  active  than 
absorption,  while  in  spring  the  reverse  condition  obtains. 

The  quantity  of  fluid  thus  exhaled  or  transpired  by  the  leaves 
has  been  the  subject  of  various  experiments.  The  most  complete 
observations  upon  this  point  were  made  by  Hales  so  long  ago  as 
1724.    He  found  that  a  common  Sunflower  3  j  feet  high,  weighing 

dD2 


772    EXHALATION  OF  WATERY  VAPOUR  BY  LEAVES. 

3  pounds,  and  with  a  stirface  estimated  at  5,616  square  inches, 
exhaled,  on  an  average,  about  twenty  ounces  of  fluid  in  the 
course  of  the  day  ;  a  Cabbage  plant,  with  a  surface  of  2,736 
square  inches,  about  nineteen  ounces  per  day  ;  a  Vine  with  a 
surface  of  1,820  square  inches,  from  five  to  six  ounces  ;  and  a 
Lemon  tree,  exposing  a  surface  of  2,557  square  inches,  six 
ounces  on  an  average  in  a  day.  If  such  a  large  amount  of  fluid 
be  thus  given  ofl*  by  single  plants,  what  an  almost  incalculable 
quantity  must  be  exhaled  by  the  whole  vegetation  of  the  globe  ! 
It  can  readily  also  be  understood  that  the  air  of  a  thickly 
wooded  district  will  be  always  in  a  damp  condition,  while  that 
of  one  with  scanty  vegetation  will  be  comparatively  free  from 
humidity  :  and  hence  it  will  be  seen  that  a  country,  to  be  per- 
fectly healthy,  should  have  the  proportion  of  plants  to  a  particu- 
lar area  carefully  considered  ;  for  while,  on  the  one  hand,  too 
many  plants  are  generally  prejudicial  to  health  by  the  dampness 
they  produce  ;  on  the  other,  a  deficiency  or  want  of  them  will 
produce  an  equally  injurious  dryness.  I'he  same  circumstances 
have  an  important  bearing  upon  the  fertility  or  otherwise  of  the 
soil,  and  in  this  way  have  an  indirect  influence  upon  the  health 
of  the  inhabitants.  Thus,  it  is  a  well-known  fact,  that  as  vapour 
is  constantly  given  ofl"  by  plants,  rain  i%  more  abundant  in 
those  regions  which  are  well  covered  with  forests,  than  in  those 
which  are  comparatively  free  from  them.  It  is  found,  accord- 
ingly, that  a  great  change  may  be  produced  in  the  climate  of  a 
country  by  clearing  it  too  much  of  plants ;  for  while  an  excessive 
amount  of  vegetation  is  injurious  to  their  healthy  growth,  if 
there  be  a  great  deficiency,  it  will  become  entirely  barren  from 
extreme  dryness.  By  inattention  to  these  simple  but  most  im- 
portant facts,  which  clearly  indicate,  that  open  land  and  that 
furnished  with  plants  should  be  properly  proportioned  the  one 
to  the  other,  many  regions  of  the  globe  which  were  formerly 
remarkable  for  their  fertility  are  now  barren  wastes  ;  and, 
in  like  manner,  many  districts,  formerly  noted  for  their  salu- 
brity, have  become  almost,  or  quite,  uninhabitable. 

The  fluid  which  thus  passes  ofl"  by  the  leaves  of  plants  is 
almost  pure  water.  ThLs  transpiration  of  watery  vapour  ma<4 
not  be  confounded  with  the  excretion  of  water  containing 
various  saline  and  organic  matters  dissolved  in  it,  which  takes 
place  in  certain  plants,  either  from  the  general  surface  of  their 
leaves  or  from  special  glands.  In  the  peculiar  formed  leaves 
of  Dischidia,  Nepenthes  {Jig.  385),  Sarr<iC€nia  {fin.  386),  and 
Hdiamphora  {fi^»  387),  watery  excretions  of  this  nature  always 
exist.  From  the  extremities  or  margins  of  the  leaves  of  varioai 
Marantaceie,  Musacese,  Aracese,  Graminaceae,  and  other  plants, 
water  is  also  constantly  excreted  in  drops  at  certain  periods  of 
vegetation  ;  but  this  may  be  due  to  the  great  force  of  absorption 
in  certain  oases.  But  the  most  remarkable  plant  of  this  kind 
is  the  Caladium  distiUatoriumf  from  which  half  a  pint  of  fluid 
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has  been  noticed  to  drop  away  during  a  single  night,  from 
orifices  placed  at  the  extremities  of  the  leaves,  and  communi- 
cating freely  with  internal  passages. 

2.  Ah!i(trj)tion  of  Flnvls  by  Leaves. — Hales,  Bonnet,  and 
others,  inferred  that  leaves  were  capable  of  absorbing  moisture, 
though  De  CandoUe  and  others  subsequently  asserted  positively 
that  such  was  not  the  case,  and  that  leaves  remained  fresh  for 
some  time  when  exposed  to  the  influence  of  moisture,  solely  be- 
cause transpiration  was  hindered  or  atrested.  The  more  recent 
researches  of  the  Rev.  George  Henslow,  however  {Jmirnal  of 
Linn^'.an  Society:  *  Botany,'  vol.  xvii.),  seem  to  prove  con- 
clusively that  both  leaves  and  green  intemodes  are  capable  of 
absorbing  a  large  amount  of  oioisture,  and  that  prol)ably  the 
quantity  absorbed  is  indei)eudent  of  the  presence  or  absence  of 
Btomata.     (See  page  763.) 

3.  Ab.iorption  aiul  ExfiatatifHi  of  Gases  by  Leaves. — We  have 
already  noticed  (p.  7i>5)  the  property  possessed  by  the  roots  of 
absorbing  liquid  food  from  the  medium  in  which  they  grow,  and 
also  their  supposed  power  of  excretion  (p.  707).  Whilst  plants 
are  thus  intimately  connected  by  their  roots  with  the  soil  or 
medium  in  which  they  are  placed,  they  have  also  important  re- 
lations with  the  atmosphere  by  their  leaves  and  other  external 
organs,  which  are  constantly  absorbing  from,  or  exhaling  into  it, 
certain  gases.  The  atmosphere,  it  should  be  remembered,  is 
brought  into  communication  with  the  interior  of  the  leaves  by 
the  Btomata  ;  it  indeed  fills  the  whole  intercellular  structure  of 
these  organs  much  in  the  same  way  as  the  air  tills  the  lungs  of 
an  animal,  to  which  both  in  structure  and  function  they  bear  some 
sort  of  analogy.  The  gases  which  are  thus  absorbed  and  exhaled 
by  the  leaves  and  other  green  organs  and  parts  of  plants  have 
been  proved,  by  a  vast  number  and  variety  of  experiments,  to  be 
essentially  carbon  dioxide  and  oxygen.  The  experiments  of 
Bous.singault  would  also  indicate  that,  in  some  cases  at  least, 
carbon  oxide  is  evolved  with  the  free  oxygen.  Draper,  Mulder, 
Oloez  and  Gratiolet,  and  others,  likewise  believe  that  leaves  and 
other  parts  exhale  nitrogen  when  exposed  to  sunlight.  Plants, 
under  certain  circumstances,  may  also  absorb  nitrogen  from  the 
air,  though  it  does  not  then  serve  for  nutrition  ;  *  but  the  in- 
vestigations of  Lawes,  Gilbert,  Daubeny,  and  Pugh  tend,  on  the 
contrary,  to  negative  this  statement. 

The  amount  of  nitrogen  found  in  plants  is  greater,  however, 
than  can  be  accounted  for  by  the  quantity  of  nitrogen  supplied 
to  the  soil  by  rain,  and  is  doubtless  partly  due  to  the  absorption 
of  ammonia  from  the  soil,  as  also,  probably,  partly  by  the  leaves, 
according  to  Sachs  and  Meyer,  whose  observations  have  been 
confirmed  by  Schlosing. 

•  Except  perhaps  in  the  case  of  the  so-called  *  carnivorous '  plants,  as 
Droieroj  DuMUBa,  NqtnUhea,  bLC.    (See  page  883.) 
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3  pounds,  and  with  a  atirface  estimated  at  5,616  square  inches, 
exhaled,  on  an  average,  about  twenty  ounces  of  fluid  in  the 
course  of  the  day  ;  a  Cabbage  plant,  with  a  surface  of  2,736 
square  inches,  about  nineteen  ounces  per  day  ;  a  Vine  with  a 
surface  of  1,820  square  inches,  from  five  to  six  ounces  ;  and  a 
Lemon  tree,  exposing  a  surface  of  2,557  square  inches,  six 
ounces  on  an  average  in  a  day.  If  such  a  large  amount  of  fluid 
be  thus  given  ofi*  by  single  plants,  what  an  almost  incalculable 
quantity  must  be  exhaled  by  the  whole  vegetation  of  the  globe  ! 
It  can  readily  also  be  understood  that  the  air  of  a  thickly 
wooded  district  will  be  always  in  a  damp  condition,  while  that 
of  one  with  scanty  vegetation  will  be  comparatively  free  from 
humidity  :  and  hence  it  will  be  seen  that  a  country,  to  be  per- 
fectly healthy,  should  have  the  prop>ortion  of  plants  to  a  particu- 
lar area  carefully  considered  ;  for  while,  on  the  one  hand,  too 
many  plants  are  generally  prejudicial  to  health  by  the  dampness 
they  produce  ;  on  the  other,  a  deficiency  or  want  of  them  will 
produce  an  equally  injurious  dryness.  I'he  same  circumstances 
have  an  important  bearing  upon  the  fertility  or  otherwiae  of  the 
soil,  and  in  this  way  have  an  indirect  influence  upon  the  health 
of  tlie  inhabitants.  Thus,  it  is  a  well-known  fact,  that  as  vapour 
is  constantly  given  off"  by  plants,  rain  is  more  abundant  in 
those  regions  which  are  well  covered  with  forests,  than  in  those 
which  are  comparatively  free  from  them.  It  is  found,  accord- 
ingly, that  a  great  change  may  be  produced  in  the  climate  of  a 
country  by  clearing  it  too  much  of  plants ;  for  while  an  excessive 
amount  of  vegetation  is  injurious  to  their  healthy  growth,  if 
there  be  a  great  deficiency,  it  will  become  entirely  barren  from 
extreme  dryness.  By  inattention  to  these  simple  but  most  im- 
portant facts,  which  clearly  indicate,  that  open  land  and  that 
furnished  with  plants  should  be  properly  proportioned  the  one 
to  the  other,  many  regions  of  the  globe  which  were  formerly 
remarkable  for  their  fertility  are  now  barren  wastes  ;  and, 
in  like  manner,  many  districts,  formerly  noted  for  their  salu- 
brity, have  become  almost,  or  quite,  uninhabitable. 

The  fluid  which  thus  passes  ofl"  by  the  leaves  of  plants  is 
almost  pure  water.  This  transpiration  of  watery  vapour  mu<t 
not  be  confounded  with  the  excretion  of  water  containing 
various  saline  and  organic  matters  dissolved  in  it,  which  takes 
place  in  certain  plants,  either  from  the  general  surface  of  their 
leaves  or  from  special  glands.  In  the  peculiar  formed  leaves 
of  JJischidiay  Nepenthes  (Jig.  385),  Sarrctcenia  (Jin.  386),  and 
Hdiamphora  (Jig,  387),  watery  excretions  of  this  nature  always 
exist.  From  the  extremities  or  margins  of  the  leaves  of  various 
Marantacese,  Musacese,  Araceae,  Graminacese,  and  other  plants, 
water  is  also  constantly  excreted  in  drops  at  certain  periods  of 
vegetation  ;  but  this  maybe  due  to  the  great  force  of  absorption 
in  certain  cases.  But  the  most  remarkable  plant  of  thiA  kind 
IB  the  CaUidium  distiUatorium,  from  which  half  a  pint  of  fluid 
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has  been  noticed  to  drop  away  during  a  single  night,  from 
oritices  placed  at  the  extremities  of  the  leaves,  and  communi- 
cating freely  with  internal  passages. 

2.  AUsorption  of  Fluids  by  Leaves. — Hales,  Bonnet,  and 
othere,  inferred  that  leaves  were  capable  of  absorbing  moisture^ 
though  De  Candolle  and  others  subsequently  asserted  positively 
tliat  such  was  not  the  case,  and  that  leaves  remained  fresh  for 
some  time  when  exposed  to  the  influence  of  moisture,  solely  be- 
cause transpiration  was  hindered  or  atrested.  The  more  recent 
researches  of  the  Rev.  George  Henslow,  however  {Journal  of 
Linriean  Society:  *  Botany,'  vol.  xvii.),  seem  to  prove  con- 
clusively that  both  leaves  and  green  intemodes  are  capable  of 
absorbing  a  large  amount  of  moisture,  and  tliat  proliably  the 
quantity  absorbed  ih  inde^)endent  of  the  presence  or  absence  of 
■tomata.     (See  page  763.) 

3.  Ah}iorj)fion  aiid  ExhalatUtu  of  Gases  by  Lenve^. — Wo  have 
already  noticed  (p.  705)  tlie  property  possessed  by  the  roots  of 
absorbing  liquid  food  from  the  medium  in  which  they  grow,  and 
also  their  supposed  power  of  excretion  (p.  767).  Whilst  plants 
are  thus  intimately  connected  by  their  roots  with  the  soil  or 
medium  in  which  they  are  placed,  they  have  also  important  re- 
lations with  the  atmosphere  by  tlieir  leaves  and  other  external 
organs,  wliich  are  constantly  absorbing  from,  or  exhaling  into  it, 
certain  gases.  The  atmosphere,  it  should  be  remembered,  is 
brought  into  communication  with  the  interior  of  the  leaves  by 
the  Rtomata  ;  it  indeed  fills  the  whole  intercellular  structure  of 
these  organs  much  in  the  same  way  as  the  air  tills  the  lungs  of 
an  animal,  to  which  both  in  structure  and  function  they  bear  some 
sort  of  analogy.  The  gases  which  are  thus  absorbed  and  exhaled 
by  the  leaves  and  other  green  organs  and  parts  of  plants  have 
been  proved,  by  a  vast  number  and  variety  of  experiments,  to  be 
essentially  carbon  dioxide  and  oxygen.  The  experiments  of 
Boussingault  would  also  indicate  that,  in  some  cases  at  least, 
carbon  oxide  is  evolved  with  the  free  oxygen.  Draper,  Mulder, 
Cloez  and  Gratiolet,  and  others,  likewise  believe  that  leaves  and 
other  parts  exhale  nitrogen  when  exposed  to  sunlight.  Plants, 
under  certain  circumstances,  may  also  absorb  nitrogen  from  the 
air,  though  it  does  not  then  serve  for  nutrition ;  *  but  the  in- 
vestigations of  Lawes,  Gilbert,  Daubeny,  and  Pugh  tend,  on  the 
contrary,  to  negative  this  statement. 

Tiie  amount  of  nitrogen  found  in  plants  is  greater,  however, 
than  can  be  accounted  for  by  the  quantity  of  nitrogen  supplied 
to  the  soil  by  rain,  and  is  doubtless  partly  due  to  the  absorption 
of  ammonia  from  the  soil,  as  also,  probably,  partly  by  the  leaves, 
according  to  Sachs  and  Meyer,  whose  observations  have  been 
confirmed  by  Schlosing. 

*  Except  perhspfi  in  the  case  of  the  so-called  '  eaniivoroas  *  plants,  as 
Vrotera,  Dionsta,  Nqmtthes,  Ace.     (See  page  888.) 


772         EXHALATION   OF  WATERY   TAPOUR   BY  LBATE& 

3  pounds,  and  with  a  surface  estimated  at  5,G16  square  inches, 
exhaled,  on  an  average,  about  twenty  ounces  of  fluid  in  the 
course  of  the  day  ;  a  Cabbage  plant,  with  a  surface  of  2,736 
square  inches,  about  nineteen  ounces  per  day  ;  a  Vine  with  a 
surface  of  1,820  square  inches,  from  five  to  six  ounces  ;  and  a 
Lemon  tree,  exposing  a  surface  of  2,557  square  inches,  six 
ounces  on  an  average  in  a  day.  If  such  a  large  amount  of  fluid 
be  thus  given  ofl*  by  single  plants,  what  an  almost  incalculable 
quantity  must  be  exhaled  by  the  whole  vegetation  of  the  globe  ! 
It  can  readily  ako  be  understood  that  the  air  of  a  thickly 
wooded  district  will  be  always  in  a  damp  condition,  while  that 
of  one  with  scanty  vegetation  will  be  comparatively  free  from 
humidity  :  and  hence  it  will  be  seen  that  a  country,  to  be  per- 
fectly healthy,  should  have  the  proportion  of  plants  to  a  particu* 
lar  area  carefully  considered  ;  for  while,  on  the  one  hand,  too 
many  plants  are  generally  prejudicial  to  health  by  the  dampness 
they  produce  ;  on  the  other,  a  deficiency  or  want  of  them  will 
produce  an  equally  injurious  dryness.  I'he  same  circumstances 
have  an  important  bearing  upon  the  fertility  or  otherwise  of  the 
soil,  and  in  this  way  have  an  indirect  influence  upon  the  health 
of  the  inhabitants.  Thus,  it  is  a  well-known  fact,  that  as  vapour 
is  constantly  given  off"  by  plants,  rain  ia  more  abundant  in 
those  regions  which  are  well  covered  with  forests,  than  in  those 
which  are  comparatively  free  from  them.  It  is  found,  accord- 
ingly, that  a  great  change  may  be  produced  in  the  climate  of  a 
country  by  clearing  it  too  much  of  plants  ;  for  while  an  excessive 
amount  of  vegetation  is  injurious  to  their  healthy  growth,  if 
there  be  a  great  deficiency,  it  will  become  entirely  barren  frnm 
extreme  dryness.  By  inattention  to  these  simple  but  most  im- 
portant facts,  which  clearly  indicate,  that  open  land  and  that 
furnished  with  plants  should  be  properly  proportioned  the  one 
to  the  other,  many  regions  of  the  globe  which  were  formerly 
remarkable  for  their  fertility  are  now  barren  wastes  ;  and, 
in  like  manner,  many  districts,  formerly  noted  for  their  salu- 
brity, have  become  almost,  or  quite,  uninhabitable. 

The  fluid  which  thus  passes  ofl*  by  the  leaves  of  plants  is 
almost  pure  water.  This  transpiration  of  watery  vapour  mus-t 
not  be  confounded  with  the  excretion  of  water  containing 
various  saline  and  organic  matters  dissolved  in  it,  which  takes 
place  in  certain  plants,  either  from  the  general  surface  of  theii 
leaves  or  from  special  glands.  In  the  pecuHar  formed  leaves 
of  Dischidia,  Nepenthes  {Jig.  385),  /Sarrcwftiia  (fin.  386),  and 
Hdiamphora  (Jig.  387),  watery  excretions  of  this  nature  always 
exist.  From  the  extremities  or  margins  of  the  leaves  of  various 
Marantacece,  Musacese,  Aracese,  Graminaceas,  and  other  plants, 
water  is  also  constantly  excreted  in  drops  at  certain  periods  of 
vegetation  ;  but  this  may  be  due  to  the  great  force  of  absorption 
in  certain  cases.  But  the  most  remarkable  plant  of  this  kind 
ifl  the  Caladium  distilUUorium,  from  which  half  a  pint  of  fluid 
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has  been  noticed  to  drop  away  during  a  single  night,  from 
oritices  ]>laced  at  the  extremities  of  the  leaves,  and  couimuni- 
cating  freely  with  internal  pasnages. 

2.  Afmorption  of  Fluids  by  Leaves. — Hales,  Bonnet,  and 
others,  inferred  that  leaves  were  capable  of  absorbing  moisture^ 
though  De  Candolle  and  others  subsequently  asserted  positively 
that  such  was  not  the  case,  and  that  leaves  remained  fresh  for 
some  time  when  exposed  to  the  influence  of  moisture,  solely  be- 
cause transpiration  was  hindered  or  atrested.  The  more  recent 
researches  of  the  Rev.  Oeorge  Henslow,  however  {Joiirndl  of 
Linneaji  Society:  *  Botany,'  vol.  xvii.),  seem  to  prove  con- 
clusively that  both  leaves  and  green  intemodes  are  capable  of 
absorbing  a  large  amount  of  moisture,  and  that  probably  the 
quantity  absorbed  ih  independent  of  the  presence  or  absence  of 
■tomata.     (See  page  703.) 

3.  Ahaorjition  and  Exhalat'um  of  Oases  by  Leaves. — We  have 
already  n<3ticed  (p.  705)  tlie  property  possessed  by  the  roots  of 
absorbing  lifpiid  food  from  the  medium  in  which  they  grow,  and 
also  their  supposed  power  of  excretion  (p.  767).  Whilst  plants 
are  thus  intimately  connected  by  their  roots  with  the  soil  or 
medium  in  which  they  are  placed,  they  have  also  important  re- 
lations with  the  atmosphere  by  their  leaves  and  other  external 
organs,  which  are  constantly  absorbing  from,  or  exhaling  into  it, 
certain  gases.  The  atmosphere,  it  should  be  remembered,  is 
brought  into  communication  with  the  interior  of  the  leaves  by 
the  stouiata  ;  it  indeed  fills  the  whole  intercellular  structure  of 
these  organs  much  in  the  same  way  as  the  air  tills  the  lungs  of 
an  animal,  to  which  both  in  structure  and  function  they  bear  some 
sort  of  analogy.  The  gases  which  are  thus  absorbed  and  exhaled 
by  the  leaves  and  other  green  organs  and  parts  of  plants  have 
been  proved,  by  a  vast  number  and  variety  of  experiments,  to  be 
essentially  carbon  dioxide  and  oxygen.  The  experiments  of 
Buussingault  would  also  indicate  that,  in  some  cases  at  least, 
carbon  oxide  is  evolved  with  the  free  oxygen.  Draper,  Mulder, 
Cloez  and  Oratiolet,  and  others,  likewise  believe  that  leaves  and 
other  parts  exhale  nitrogen  when  exposed  to  sunlight.  Plants, 
under  certain  circumstances,  may  also  absorb  nitrogen  from  the 
air,  though  it  does  not  then  serve  for  nutrition ;  *  but  the  in- 
vestigations of  Lawes,  Gilbert,  Daubeny,  and  Pugh  tend,  on  the 
contrary,  to  negative  this  statement. 

The  amount  of  nitrogen  found  in  plants  is  greater,  however, 
than  can  be  accounted  for  by  the  quantity  of  nitrogen  supplied 
to  the  soil  by  rain,  and  is  doubtless  partly  due  to  the  absorption 
of  ammonia  from  the  soil,  as  also,  probably,  partly  by  the  leaves, 
according  to  Sachs  and  Meyer,  whose  observations  have  been 
confirmed  by  Schlosiug. 

*  Except  perhaps  in  the  case  of  the  so-called  '  eamivoroos  *  plants,  as 
Vrosera,  JDioiuta,  N^pmtheSf  Ace.     (See  page  8d8.) 
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&c.y  by  exposure  to  air  and  light,  the  matters  which  they 
contain  are  left  in  a  very  active  chemical  condition  or  in  a  state 
prone  to  change,  and  therefore  freely  combine  together.  By  this 
means  the  ditierent  organic  compounds  are  produced  which  are 
concerned  in  the  development  of  new  tissues  ;  and  in  the  for- 
mation of  others,  such  as  resinous  matters,  various  acids, 
numerous  alkaloids,  colouring  matters,  &c.,  which,  so  far  as 
we  know  at  present,  perform  no  further  active  part  in  the 
plant,  and  are  accordingly  removed  from  the  young  and  vitally 
active  parts,  and  either  stowed  up  in  the  older  tissues  as  «ecrfiioii.<, 
or  removed  altogether  from  the  plant  as  excretiots.  (See  page 
767.)  The  production  of  these  organic  substances  is  commonly 
termed  assimilatiini  and  inefastasis.  (See  page  822.)  We  see, 
therefore,  that  without  leaves  or  other  analogous  green  organfi 
no  growth  to  any  extent  could  take  place,  or  any  peculiar 
secretions  be  formed  ;  but  it  must  be  also  recollected  that 
without  the  exposure  of  even  the  leaves  to  light,  no  proper 
assimilation  of  the  various  matters  taken  up  by  the  plant  can  be 
effected  ;  for  instance,  if  a  plant  be  jnit  into  the  dark,  it  becomes 
blanched  {eiwlated),  in  consetpience  t>f  the  non-development  of 
chlorophyll,  and,  moreover,  no  woody  matter  is  then  formed 
(page  7(>7),  and  but  few  of  its  peculiar  secretions.  The  effect  of 
the  absence  of  light  upon  plants  is  well  shown  when  a  potato 
tuber  sprouts  in  the  dark,  in  which  case  the  whole  of  the  tissues 
formed  are  seen  to  become  etiolated,  and  ultimately  to  die  ;  or 
when  potatoes  are  reared  with  a  diminished  supply  of  light,  as 
in  an  orchard,  or  under  trees,  w^hen  the  tubers  are  found  to  be 
watery  in  consequence  of  the  small  ((uantity  of  starch  then  pro- 
duced. Another  illustration  of  the  effect  produced  by  the 
absence  of  light  is  afforded  in  growing  certain  vegetables  for  the 
table,  such  as  Sea-Kale,  Celery,  «S:c.  In  these  instances,  when 
the  plants  are  grown  freely  exposed  to  light,  as  in  their  natural 
conditions,  they  form  abundance  of  woody  matter,  which  renders 
them  tough  or  strint^y  ;  and  also  peculiar  secretions,  which  are 
either  unpleasant  to  the  taste  or  absolutely  injurious.  But  the 
formation  of  these  secretions  and  also  of  the  woody  matter  is 
interfered  with  when  the  access  of  light  is  more  or  less  prevented, 
and  the  plants  then  become  useful  vegetables. 

How  such  a  vast  variety  of  compound  substances  can  be 
formed  in  such  simply  organised  bodies  as  plants,  is  at  present 
almost  unknown.  It  is  to  the  combined  labours  of  the  chemist 
and  physiologist  that  we  must  look  for  the  elucidation  of  this 
important  matter  ;  but  as  it  is  not  our  purpose  to  allude  to 
the  various  theories  that  have  been  entertained  upon  their  for- 
mation and  natiure,  we  must  refer  the  student  to  chemical  workfl 
for  full  details  upon  this  subject.  It  is,  however,  certain  that 
the  elimination  of  oxygen  and  carbon  dioxide,  already  described, 
are  results  of  these  chemical  processes.  The  food  of  plants  is 
higlily  oxygenated  as  compared  with  most  of  the  important 
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proximate  principles  formed  within  their  leaf-cells,  and  hence  a 
disengagement  of  oxygen  must  occur  during  their  formation. 

5.  Effects  of  Gases  generally  upon  Leaves. — In  the  last  section 
we  have  seen,  that  the  ordinary  normal  constituents  of  atmo- 
spheric air,  namely,  carbon  dioxide,  oxygen,  nitrogen,  and  am- 
monia, in  certain  proportions,  are  those  which  are  especially 
necessary  for  the  due  elaboration  of  the  various  products  and 
secretions  of  plants,  and  these  we  have  also  shown  are  ab- 
sorbed by  the  leaves  or  roots.  It  is  by  leaves  especially  that 
carbon,  which  is  so  essential  to  plants,  and  which  enters  so  largely 
into  the  cc^mposition  of  its  various  products  and  secretions,  is 
absorbed.  But  it  must  be  understood,  at  the  same  time,  that 
plants  will  not  live  in  an  atmosphere  composed  simply  of  either 
carbon  dioxide,  oxygen,  or  nitrogen  ;  but  tliat  for  their  proper  de- 
velopment, these  gases  must  be  mixed  in  suitable  proportions  ;  for 
if  either  of  them  be  in  great  excess,  the  plants  will  either  languish 
or  perish,  according  to  circumstances.  Plants  will,  however, 
flourish  in  an  atmosphere  containing  a  moderate  addition  of  car- 
bon dioxide,  even  more  vigorously  than  in  ordinary  atmospheric 
air  ;  but  if  the  amount  be  considerably  increased,  they  will 
perish.  This  injurious  effect  of  carbon  dioxide,  when  in  excessive 
quantities,  would  seem  to  be  owing  to  a  directly  poisonous 
influence.  When  plants  are  placed  in  pure  nitrogen  or  oxygen, 
or  under  any  other  circumstances  where  they  cannot  obtain  a 
suitable  supply  of  carbon  dioxide,  they  soon  decay. 

Whilst  the  above  gases  in  suitable  proportions  are  necessary 
to  the  due  perforuiance  of  the  proi>er  functions  of  plants,  all  other 
gases  when  mixed  in  the  air  in  which  they  are  placed,  appear  to 
act  more  or  less  injuriously  upon  them.  This  is  more  particularly 
the  case  i^nth  sulphurous  acid  and  hydrochloric  acid  gases,  even  in 
small  (quantities  ;  but  an  atmosphere  containing  much  ammonia, 
common  coal  gas,  cyanogen,  (frc,  also  acts  prejudicially. 

The  action  of  sulphurous  and  hydrochloric  acid  gases  upon 
plants  appears  to  resemble  that  of  irritants  upon  animals,  thus  they 
tirst  exert  a  local  action  upon  the  extremities  of  the  leaves,  and 
this  influence  is  soon  communicated  to  the  deeper  tissues,  and  if 
the  plants  be  not  removed  into  a  purer  air,  they  will  perish ;  but 
when  such  gases  are  not  in  great  quantities,  if  the  plants  are 
speedily  removed  from  their  influence,  they  usually  revive,  the 
parts  attacked  being  alone  permanently  injured. 

While  the  gases  thus  mentioned  act  as  irritant  poisons  upon 
plants,  sulphuretted  hydrogen,  carbon  oxide,  common  coal  gas, 
cyanogen,  and  others,  seem  to  exert  an  influence  upon  them  Tike 
that  produced  by  narcotic  poisons  upon  animals,  for  by  their 
action  a  general  injurious  influence  is  produced  on  their  vitality, 
and  a  drooping  of  the  leaves,  &c.,  takes  place  ;  and,  moreover, 
when  such  is  the  case,  no  after  removal  into  a  purer  air  will 
cause  them  to  reyive. 

As  the  above  gases  are  constantly  present  in  the  air  of  large 
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towns,  and  more  especially  in  those  where  chemical  processes  on 
a  large  scale  are  going  on,  we  have  at  once  an  explanation  of  the 
reason  why  plants  submitted  to  such  influences  will  not  thrive. 
The  air  of  an  ordinary  sitting  room,  and  especially  one  where 
gas  is  burned,  is  also  rendered  more  or  less  unsuitable  to  the 
healthy  growth  of  plants,  in  consequence  of  the  production  of 
injurious  gases  as  well  as  from  the  dryness  of  the  atmosphere. 

Wardlan  Canes. — In  order  to  protect  plants  from  the  injurioot 
influences  thua  exerted  upon  them  by  the  soot  and  air  of  large 
towns,  the  late  Mr.  N.  B.  Ward  introduced  the  plan  of  growing 
them  under  closed  glass  cases  which  has  been  found  to  succeed 
so  admirably.  These  cases  consist  simply  of  a  box  or  trough 
in  which  a  suitable  soil  is  placed  ;  in  this  the  plants  are  put, 
and  the  whole  is  then  covered  by  a  closely  fitting  glass  case. 
It  i^  necessaiy,  at  first,  to  water  the  plants  freely.  When  plants 
are  grown  under  such  circumstances,  upon  exposure  to  light  and 
air,  transpiration  takes  place  from  their  leaves,  as  under  ordinary 
conditions  of  growth  ;  the  fluid  thus  transpired  is,  however,  here 
condensed  upon  the  surface  of  the  glass  case  which  encloses  the 
plants,  and  ultimately  returned  to  the  soil.  It  is  thus  brought 
into  contact  again  with  the  roots  of  the  plants,  to  be  again 
absorbed  and  exhaled  by  them  ;  and  these  changes  are  con> 
tinually  repeated,  so  that  the  plants  are  always  freely  exposed 
to  moisture,  and  do  not  require  a  further  supply  of  water  for 
a  considerable  period.  Those  plants,  especially,  which  succeed 
best  in  a  damp  atuiosphere,  as  is  commonly  the  case  with  Ferns, 
do  exceedingly  well  in  such  case;*.  The  important  influ- 
ence which  IS  exerted  by  the  invention  is,  the  protection  of 
the  plants  from  immediate  contact  with  the  air  impregnated 
with  soot  and  other  injurious  substances  ;  for  in  consequence  of 
the  glass  C(jver  fitting  closely  to  the  trcMigh  in  which  the  plants 
are  placed,  the  external  air  in  its  passage  has  to  pass  through 
the  very  narrow  crevices  beneath  the  cover,  and  in  so  doing 
oecomes  filtered,  as  it  were,  in  a  great  measure,  from  its  impu- 
rities, before  it  is  brought  into  contact  with  them. 

Besides  the  use  of  these  cases  in  growing  plants  luxuriantly, 
in  those  places  where,  under  ordinary  circumstances,  they  would 
perish,  or  at  all  events  grow  but  languidly,  they  have  a  still  more 
important  application,  fur  they  have  now  been  most  successfully 
employed  in  transporting  plants  from  one  country  to  another, 
which  under  ordinary  circumstances  would  have  died  in  their 
transit;  and  whose  seeds  could  not  have  been  transported  without 
losing  their  vitality.  The  action  of  the  Wardian  cases  in  this  mode 
of  transporting  plants  is  twofold  :  in  the  first  place,  the  plants  are 
protected  from  the  influence  of  salt  breezes,  which  are  in  most 
instances  very  injurious  to  them ;  and,  secondly,  the  atmo- 
sphere of  such  cases  remains  in  a  quiet  state,  and  they  are,  there* 
fore,  also  protected  from  rapid  changes  of  temperature. 

6.  Colour  of  Leaves, — The  green  colour  of  leaves  is  doe  to 
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chlorophyll  contained  in  the  cells  situated  beneath  the  epidermis. 
Chlorophyll,  as  already  noticed  (see  page  778),  may  be  formed  in 
the  dark,  but  remains  yellow,  only  becomincf  green  under  the 
influence  of  light,  and  hence  the  leaves  and  other  parts  of  plants 
grown  in  darkness  are  blanched  or  etiolated  (p.  778).  To  this 
rule  there  are  some  notable  exceptions — viz.,  the  germinatinflf 
seeds  of  many  ConifersB  and  the  fronds  of  Ferns,  which  will 
become  green  even  in  total  darkness,  provided  that  the  tem- 
perature is  sufliciently  high.  If  plants  with  green  leaves  be 
withdrawn  from  the  action  of  liyht,  and  be  placed  in  the  dark, 
these  leaves  soon  fall ;  and  if  others  are  produced,  they  have  a 
whitish  or  yeUowish  colour.  Again,  if  plants  which  have  been 
grown  in  the  dark  be  removed  to  the  light,  the  leaves  upon 
them  soon  lose  their  whitish  hue  and  become  green.  The 
rapidity  with  which  leaves  become  green,  and  the  intensity  of 
their  colour,  will  be  in  proportion  to  the  amount  of  light  and 
heat  (26° -30°  C.  being  about  the  maximum)  to  which  they  have 
been  exjKised.  (See  also  The  Effect  of  the  Electric  Light  on  the 
Growth  of  Plant Sy  A'c,  page  828.) 

The  different  rays  of  the  spectrum  have  a  varying  influence 
in  promoting  the  formation  of  chlorophyll.  Some  difference 
of  opinion  exists  as  to  those  rays  which  are  most  active  in 
this  respect,  but  the  majority  of  experiment^rw  agree,  that  the 
illuminating  or  yellow  rays,  namely,  those  which,  as  we  haye 
already  seen  (pAge  774),  have  the  greatest  effect  in  promoting  the 
decomposition  of  carbon  dioxide,  are  those  also  which  are  the 
most  active  in  the  production  of  chlorophyll. 

M.  Frdmy  has  investigated  the  nature  of  chlorophyll,  and 
ascertained  that  it  is  composed  of  two  colouring  principles, — 
one  a  yellow,  which  he  has  termed  phyUoxaiithin  ;  and  the  other 
a  blue,  which  he  has  called  phyllocyanin.  Both  these  principles 
have  been  wolated  by  M.  Fr^my,  who  has  also  endeavoured  to 
show  that  the  yellow  colour  of  etiolated  and  very  young  leaves  is 
due  to  the  presence  of  a  bo<ly  which  he  has  termed  phyUo- 
xaivthSin,  and  which  is  coloured  blu^  by  the  vapour  of  acids.  The 
same  principle  results  from  the  decoloration  of  phyllocyanin  ; 
hence  it  would  seem  that  phyllocyanin  is  not  an  immediate 
principle,  but  that  it  is  formed  by  the  alteration  of  phyllo- 
xanth^in.  The  experiments  of  M.  Filhol  do  not,  however, 
altogether  correspond  with  those  of  M.  Fr^my,  whilst  the  more 
recent  spectroscopic  investigations  of  Professor  Stokes  and 
H.  L.  Smith  tend  to  show  that  chlorophyll  is  more  complex  than 
M.  Fr^my  imagined. 

Chlorophyll  is  stated  by  Sorby  to  exist  in  a  blue  and  also 
in  a  yellow  state,  giving  different  effects  with  the  spectroscope. 
Chlorofucin  is  another  colouring  matter,  which,  like  the  two 
preceding,  is  fluorescent,  and  has  a  yellow-green  colour.  These 
three  are  soluble  in  alcohol,  but  not  at  all  in  water,  and  not 
always'  in  bisulphide  of  carbon.     Sorby  also  describes  other 
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colouring  matters  which  are  soluble  in  bisulphide  of  carbon,  and 
give  different  results  to  the  foregoing  with  the  spectroscope. 

The  autumnal  tints  of  leaves,  which  are  generally  some 
shades  of  yellow,  brown,  or  red,  are  commonly  regarded  as  due 
to  varying  degrees  of  oxidation  of  the  chlorophyll  which  their 
cells  contain,  to  which  change  Henfrey  applied  the  term  *  decay 
of  chlorophyll/  The  experiments  of  M.  Fr^my  show  that  the 
yellow  leaves  of  autumn  contain  no  phyllocyanin,  and  hence 
that  their  colour  is  entirely  due  to  the  phylloxanthin,  either  in 
its  original  condition  or  in  an  altered  state.  Strong  light  may 
produce  a  fading  of  leaves  and  other  green  parts,  which  change 
appeal's  to  be  due  to  an  alteration  in  the  position  of  the  grains 
of  chlorophyll  in  the  cells,  and  is  termed  epistraphe  or  apostrophe 
as  the  case  may  be. 

When  leaves  are  of  some  other  colour  than  green,  the  different 
colours  are  i)roduced  either  by  an  alteration  of  the  chlorophyll  or 
of  one  of  the  principles  of  which  it  is  formed,  or  in  consequence 
of  the  presence  of  some  other  colouring  agent. 

Variegation  in  leaves  must  be  regarded  as  a  diseased  condi- 
tion of  the  cells  of  which  they  are  composed  ;  it  is  commonly 
produced  by  hybridisation,  grafting,  differences  of  climate,  soil, 
and  other  influences.  The  variegated  tints  are  due  either  to  the 
presence  of  air  in  some  of  the  cells,  or  more  commonly  to  an 
alteration  of  the  chlorophyll  of  certain  cells,  or  one  of  the 
substances  of  which  chlorophyll  is  composed.  (See  also  Colour 
of  Flowers,  p.  786.) 

7.  Defolmtion,  or  the  Fall  of  tlie  Leaf. — Leaves  are  essentially 
temporary  organs  ;  for  after  a  certain  period,  which  varies  in 
different  plants,  they  either  gradually  wither  upon  the  stem, 
as  is  usual  in  Monocotyledonous  and  Acotyledonous  plants  (see 
page  174),  and  also  in  some  Dicotyledonous  ones  (page  174)  ;  or 
they  separate  from  the  stem  by  means  of  an  articulation  when 
they  have  performed  their  active  functions,  or  even  sometimes 
when  quite  green.  In  the  former  case,  as  we  have  seen,  the 
leaves  are  non-articulated  ;  in  the  latter  articulated.  In  the 
trees  of  this  and  other  temperate  climates  the  leaves  commonly 
fall  off  the  same  year  in  which  they  are  developed,  that  is, 
before  the  winter  months  ;  and  in  those  of  warm  and  tropical 
regions  the  fall  of  the  leaf  often  takes  place  at  the  dry  season. 
But  the  leaves  of  some  other  plants,  such  as  Firs  and  Pines, 
generally  remain  for  two  or  more  years.  In  the  former  case 
they  are  said  to  be  annual  or  deciduous,  and  in  the  latter 
persistent  or  evergreen.  The  fall  of  the  leaf  is  commonly  termed 
defoliation. 

The  cause  or  causes  which  lead  to  the  death  of  the  leaf  are  by 
no  means  well  understood.  The  opinion  commonly  entertained 
is  this  :  the  membrane  constituting  the  walls  of  their  cells  gra- 
dually becomes  so  encrusted  by  tne  deposit  of  earthy  matten 
which  are  left  behind  by  the  fluid  substances  which  are  oohtained 
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in  or  tranBiiiitted  through  tliein,  that  ultJmatolj  the  tiuuaa  of  the 
leai  become  choked  up  anil  are  no  longer  able  to  perform  their 
pruper  functions,  and  the  li.-af  then  bej^ina  to  dry  up.  After  its 
death  the  leaf  may  either  fall,  t>r  remain  attached  to  the  stem, 
as  already  obnerved. 

Tiie  fall  of  the  leaf  does  not,  then,  depend  upon  the  death 
of  the  organ  ;  it  maj  occur  before  death,  or  may  not  take  place 
at  all.  when  it  hap]>en8,  it  is  dei>endent  on  an  organic  Hepa- 
ration  or  articulation  which  Asa  Gray  thus  descrites  : — '  The 
formation  of  the  articulation  is  a  vital  process,  a  kind  of  disin- 
tegration of  a  transverse  layer  of  cells,  which  cuts  off  the  petiole 
by  a  regular  line,  in  a  perfectly  uniform  manner  in  each  specieB, 
leaving  a  clean  scar  (Ji'j.  203,  h,  b)  at  the  insertion.  The 
solution  of  continuity  begins  at  the  epidermis,  where  a  faint 
line  marks  the  poflitioii  of  the  future  joint  whib  the  leaf  is 
still  young  and  vigorous ;  later,  the  line  of  demarcation  be- 
comen  well  marked,  internally  as  well  na  externally  ;  the  disin- 
tegrating process  advances  from  without  in  wards  until  it  reaches 
the  woody  bundles;  and  the  side  iicKt  the  stem,  which  is  to 
form  the  surface  of  the  scar,  lias  a  layer  of  cells  condensed  into 
what  appears  like  a  prolongation  of  the  epidermis,  so  that  when 
the  le^  separates,'  as  Inman  says,  '  the  tree  does  not  suftar 
from  the  effect  of  an  open  wound.'  Gray  then,  quoting  Inman, 
adds  : — '  The  provision  for  the  separation  being  once  complete, 
it  re<|UJres  little  to  effect  it ;  a  desiccation  of  one  side  of  the 
leat-3talk,  by  causing  an  effort  of  torsion,  will  readily  break 
through  the  Eniall  remains  of  the  tibro-vascular  bundles  ;  or  the 
increased  size  of  the  coming  leaf-bud  will  snap  them  ;  or,  if  these 
causes  are  not  in  o])eration,  a  gust  of  wind,  a  heavy  shower,  or 
even  the  simple  weight  of  the  lamina,  will  be  enough  to  disrupt 
the  small  connections  and  send  the  suicidal  member  to  the 
grave.     Such  is  the  history  of  the  fall  of  the  leaf.' 

8.  Development  of  Leaves  or  Phyllomet,  —Leaves  and  all  their 
metamorphosed  forms,  such  as  the  parts  of  flowers,  t^c  are  de- 
veloped laterally  just  below  the  apex  of  the  stem  by  cell-division 
either  of  a  group  of  cells  as  in  the  Plianerogamia,  or  of  a  single 
cell  as  in  the  Vascular  Cryptogauiia.  A  conical  papilla  or  (in 
sheathing  leaves)  an  annular  ciiltar  is  then  the  result  of  a  deflec- 
tion to  one  side  of  a  group  of  these  divided  cells.  Leaves  are 
formed  acropetally  or  indefinitely,  the  youngest  always  being 
the  highest,  according  to  the  laws  of  Phyllotoxy.  '  The  papillse 
from  which  the  leaves  originate  are  at  first  wholly  cellular, 
consisting  of  peiiblem  or  prutomeristem  ^see  page  767),  covered 
by  a  layer  of  d<>rmatogen  cells  ;  after  a  tmie  elongated  cells  are 
formed  in  the  centre  ;  and  these  are  followed  by  spiral  vessels, 
formed  in  a  direction  froni  the  base  upwards.'  The  first  formed 
part  of  the  leaf  generally  corresponds  with  its  apex  or  with  the 
summit  of  the  common  petiole — i.e.  the  apes  of  a  leaf  is  gene- 
rally its  oldest  ioxtead  of  its  yoangest  part  ai  is  the  case  with  the 
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stems  where  the  apex  is  the  growing  point.  (See  page  770.)  In 
leaves  the  apical  growth  soon  ceases,  though  interstitial  growth 
continues. 

The  following  is  an  abstract  of  Trdcul's  conclusions  : — 

*  All  leaves  originate  in  a  primary  cellular  mammilla,  with  or 
without  a  basal  swelling,  according  as  they  are  to  have  sheaths 
or  not ;  they  are  developed  after  four  principal  types :  1,  the 
centrifugal  formation,  from  below  upwards;  2,  the  centripetal 
formation,  from  above  downwards  ;  3,  the  mix«{c?  formation  ;  and, 
4,  the  parallel  formation.  The  centnfiigal  or  hasifiufal  develop- 
ment  may  be  illustrated  by  the  leaf  of  the  Lime-tree  which  begins 
as  a  simple  tumour  at  the  apex  of  the  stem.  This  tumour 
lengthens  and  enlarges,  leaving  at  its  base  a  contraction  which 
repreHcnts  the  petiole.  The  blade,  at  first  entire,  is  soon 
divided  from  side  to  side  by  a  sinus.  The  lower  lobe  is  the  first 
secondary  vein.  The  upper  lobe  is  divided  in  the  same  manner  five 
or  six  times,  f  onninpr  as  many  secondary  veins.  Sinuosities  then 
appear  in  the  lower  lobe,  indicating  the  ramifications  of  the  lower 
vein  ;  and,  finally,  fresh  toothings  appear  corresponding  with 
more  minute  ramifications.  Thus  the  variotis  veins  in  the  leaf 
of  the  Lime-tree  are  developed  like  the  shoots  of  the  tree  that 
bears  them,  and  the  toothing  does  not  arise  from  cells  specially 
adapted  for  that  purpose  on  the  edge  of  the  leaf,  as  Mercklin 
has  supposed.  The  hairs  on  the  under  surface  of  the  leaf  are 
also  formed  from  below  upwards. 

*  Leaves  developed  ceidripetally  (called  also  the  basilar  or 
basipetal  mode  of  leaf  formation)  are  more  numerous  than  the 
preceding,  and  this  method  may  be  well  studied  in  the  formation 
of  the  leaves  of  the  Hyacinth  ;  of  this  sort  are  the  leaves  of 
Sanguisorha  ojffici}ialis,  Rosa  arvensisy  Cephaluria  procera^  &c 
In  them  the  terminal  leaflet  is  first  produced,  and  the  others 
appear  in  successive  pairs  downwards  from  apex  to  base.  The 
stipules  are  produced  before  the  lower  leaflets.  All  digitate 
leaves,  and  those  with  radiating  venation,  belong  to  the  centri- 
petal mode  of  formation  as  regards  their  digitate  venation. 

*  In  some  plants,  as  Acer,  the  two  preceding  modes  of  develop- 
ment are  combined.  This  is  called  mixed  formation.  In  Acer 
plataiwides  the  lobes  and  the  midribs  of  the  radiating  lobes  form 
from  above  downwards,  the  lower  lobes  being  produced  last,  but 
the  secondary  venations  and  toothings  are  developed  like  those 
of  the  Lime-tree.  In  Monocotyledons  we  meet  with  the  parallel 
(included  by  some  writers  with  the  basilar)  leaf  formation  of 
Tr^cul.  All  the  veins  are  formed  in  a  parallel  manner,  the 
sheath  appearing  first.  The  leaf  lengthens  especially  by  the 
base  of  the  blade,  or  that  of  the  petiole  when  present. 

*  Leaves  furnished  with  sheaths,  or  having  their  lower  por- 
tions protected  by  other  organs,  grow  most  by  their  base  ;  while 
those  which  have  the  whole  petiole  early  exposed  to  Hiq  air  grow 
much  more  towards  the  upper  part  of  the  petiole.' 
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Section  3.  Physiology  of  the  Organs  or  Reproduction. 

Having  now  briefly  alluded  to  the  special  functions  of  the 
elementary  structures,  and  of  tlie  organs  of  nutrition,  we  proceed, 
in  the  next  place,  to  treat  of  the  special  functions  of  the  organs  of 
reproduction  ;  but  those  who  luay  desire  to  complete  the  account 
of  the  nutritive  functions  may  pass  at  once  to  Chapter  2 
(page  812),  which  treats  of  the  General  Physiology  of  the  Plant. 

1.  FuNcrrioNS  of  Bractts  and  Floral  Envelopes. — One  of 
the  principal  otiices  performed  by  these  organs  is,  to  protect  the 
young  and  tender  parts  placed  within  them  from  injury.  When 
green,  as  is  commonly  the  case  with  the  bracts  and  sepals,  their 
colour  is  due  to  the  presence  of  chlorophyll  in  their  component 
cells,  and  they  then  perform  the  same  functions  as  ordinary 
leaves.  But  when  of  other  colours  than  green,  as  is  usual  with 
the  petals,  and  occasionally  with  the  bracts  and  sepals,  they 
appear  to  have,  in  conjunction  with  the  thalamus,  a  special  func- 
tion to  perform  ;  which  consists  in  the  production  of  a  saccharine 
substance  from  the  amylaceous  matter  stored  up  in  them.  This 
saccharine  matter  is  designed  more  especially  for  the  nourish- 
ment of  the  essential  organs  of  reproduction.  That  such  is  the 
function  of  these  parts  seems  to  be  proved  by  the  varying  com- 
position of  the  thalamus  at  diflferent  periods  of  the  flowering 
stage.  Thus,  at  the  period  of  the  opening  of  the  flower,  the 
thalamus  is  dry  and  its  cells  are  tilled  with  amylaceous  matters ; 
as  flowering  proceeds,  these  matters  become  converted  into 
saccharine  substances  ;  and,  finally,  after  flowering,  the  thalamus 
dries  up.  In  fact  a  similar  change  takes  place  in  the  process  of 
flowering  to  that  which  occurs  in  germination,  where  the  amylfi- 
ceous  matters  are  in  like  manner  converted  into  those  of  a 
saccharine  nature.  When  the  saccharine  matter  is  in  excess, 
during  the  process  of  flowering,  it  is  found  upon  the  parts  in  a 
liquid  state,  apd  may  be  removed  without  the  flower  suffering. 

During  this  conversion  of  amylaceous  into  saccharine  matters, 
oxygen  is  absorbed  in  great  quantities  from  the  atmosphere,  and 
carbon  dioxide  given  off*  in  a  corresponding  degree.  Hence,  the 
action  of  the  parts  of  the  flower  which  are  of  other  colours  than 
green,  upon  the  surrounding  air  under  the  influence  of  solar 
light,  differs  from  that  of  the  leaves  and  other  green  organs. 
The  absorption  of  oxygen  takes  place  in  a  still  greater  degree  in 
the  essential  organs  of  reproduction  ;  hence,  such  an  effect  is 
more  evident  in  perfect  flowers,  than  in  those  in  which  the 
stamens  and  carpels  have  been  more  or  less  changed  into  petals 
— that  is,  when  the  flowers  have  become  partially  or  wholly 
double.  It  has  been  proved,  also,  that  staminate  flowers  absorb 
more  oxygen  than  pistillate  ones.         4 

The  combination  which  under  the  above  circumstances  takes 
place  between  the  carbon  of  the  flower  and  the  oxygen  of  the  air, 

3b 


786  COLOUR  OF  FLOWERS.      FLORAL  ESTELOFES. 

is  also  attended  by  an  evolution  of  heat,  which  indeed  is  alwajB 
the  case  where  active  chemical  combination  is  going  on.  This 
evolution  of  heat  in  the  majority  of  flowers  is  not  observaUe, 
because  it  is  immediately  carried  off  by  the  surroanding  air ; 
but  in  those  plants  where  many  flowers  are  crowded  together,  and 
more  especiadly  when  they  are  surrounded  by  such  a  leafy  struc- 
ture as  a  spathe^  which  confines  the  evolved  heat,  it  may  be 
readily  noticed.  The  flowers  of  the  male  cone  of  Cyeas  cirei- 
ruUiSy  those  of  the  VicUpria  regia,  of  several  Cacti,  and  of  many 
Aracese,  present  us  with  the  most  marked  illustrations  of  this 
evolution  of  heat. 

That  the  heat  thus  evolved  is  dependent  upon  the  combina* 
tion  of  the  oxygen  of  the  air  with  the  carbon  of  the  flower  was 
cfinclusively  proved  by  the  experiments  of  Vrolik  and  De  Vriese ; 
for  they  showed  that  the  evolution  of  heat  by  the  spadix  of  an 
Arum  was  much  greater  when  it  was  placed  in  oxygen  gas  than 
in  ordinary  atmospheric  air,  and  that  when  introduced  into 
carbon  dioxide  or  nitrogen  gases  it  ceased  altogether. 

CoUmr  of  Flowers. — All  the  colours  of  flowers  otherwise  than 
green  depend  on  bodies  the  natiure  of  which  is  very  imperfectly 
known,  though  spectroscopic  analysis  has  done  something  towards 
grouping  them  into  series.  The  changes  in  colour  which  many 
corollas  undergo  are  supposed  to  depend  on  the  oxidation  of  these 
bodies.  Most  of  the  Boraginaceae  pass  from  pink  to  blue,  from 
their  first  expansion,  till  they  are  fully  open  ;  the  garden  Convol- 
vulus changes  from  pink  to  a  fine  purple  in  the  same  perioti. 
Cultivation  will  effect  gre^t  changes  in  this  respect,  but  there  is 
a  limit  to  its  influence.  The  Dahlia  and  Tulip  are  naturally 
yellow,  and  under  cultivation  may  be  made  to  assume  all  shades 
of  red,  orange,  and  white,  but  no  tint  of  bJue  :  Geraniums  and 
the  Hydrangea  will  take  on  various  shades  of  blue,  purple,  reil, 
and  white,  but  never  a  yellow.  These  facts  led  De  Candolle  to 
divide  flowers  in  this  aspect  into  two  series — a  xanthic  which  has 
yellow  for  its  base,  and  a  cyanic  which  has  blue — either  of  which 
can  be  made  red  or  white,  but  will  not  assume  the  basic  colour  of 
the  other.  There  seem  to  be  a  few  exceptions  to  this  rule  ;  e.g. 
Myosotis  versicolor  changes  from  yellow  in  the  bud  to  blue  in  the 
open  corolla,  and  the  Hyacinth  is  not  unfrequently  a  pale  yellow. 

Develop-nunt  of  the  Floral  Envelopes. — The  manner  in  which 
the  floral  envelopes  are  developed  may  be  shortly  summed  up  as 
follows  : — 

They  are  subject  to  the  same  laws  of  development  as  the  usual 
foliage  leaves,  and  make  their  first  appearance  as  little  cellular 
processes,  which  grow  by  additions  to  their  base  or  points  of 
attachment  to  the  axis. 

The  calyx  is  always  developed  before  the  corolla. 

When  a  calyx  is  poly^palous,  or  a  corolla  polypetalons,  the 
component  sepals  or  petals  make  their  first  appearance  in  the 
form  of  little  distinct  papillie  or  tumours,  the  number  of  which 
>nda  to  the  separate  parts  of  the  future  calyx  or  corolla. 
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a  way  be.  When  the.*e  prtisent  li)boa  or  tctth,  as  thoy 
more  cuinnionly  do,  they  ariiie  as  little  iirojcctinna  on  the  tiip  of 
the  rinj;,  the  number  uf  which  corresponds  to  tlie  future  division* 
of  the  calyx  or  corolla. 

All  irrttKular  caljces  or  c(.n)llas  are  regular  at  their  first 
fonnation,  the  cellular  iiapilhi;  from  which  tliey  arise  being  all 
ei|ual  in  size;  henw  all  irregularity  is  pruduced  by  unequal 
subsequent  gronth. 

2.  FuNmoss  OF  the  Esub-vtui.  Oboans  of  Rrproddctiom. 
— ,Si'x«<Uit!itif  Planft. — Though  vi^uely  suspected  by  the  ancients, 
the  true  sexuality  of  plants  was  nut  definitively  ascertained  till 
IOTA,  in  which  year  Sir  T.  Mtlliugton,  of  Oxford,  determined  the 
real  natureof  the  stamens.  Tlie  stamens  of  flowering  plants,  as 
has  lieen  alrewly  repeatedly  statetl, constitute  the  male  apparatus, 
and  the  carpels  the  female.  That  the  influence  of  the  pollen  ia 
necessary  to  the  foruiation  of  perfect  seed  is  positively  established. 

While  the  presence  of  distinct  sexes  may  thus  be  shown  in 
dowering  plants,  botli  of  which  are  necessary  for  the  formation 
of  perfe'^t  seed,  flowerless  plants,  in  like  manner,  possess  certain 
tin;ans  the  functions  of  which  are  undoubtedly  sexual.  It  ia 
i|uite  true  that  the  existence  of  sexuality  has  not  been  absolutely 
den)onstrateil  in  all  the  Cryptogamia  ;  but  as  it  is  known  to  exist 
in  the  greater  number,  we  may  fairly  conclude  fmiu  analogy  that 
it  is  present  in  all. 

We  have  already,  as  fully  as  our  space  will  admit,  describeil 
the  structure  of  the  reproductive  organs  of  both  Phanerogamous 
and  Cryptc)gamous  plants  ;  we  now  proceed  to  give  a  general 
guiiiniary  of  the  more  important  conclusions  which  have  been 
arrived  at  iks  regards  the  process  of  reproduction  in  the  several 
divisions  of  plants,  and  in  doing  so  we  shall  coninience  with 
the  Cryptogamia. 

1.  Rbpkoduction  or  CavpTOOAMOca  ok  A(otvlkdonou8 
Plants. — In  describing  the  structure  of  the  reproductive  organs 
of  these  plants  (see  pp.  355-3SD),  we  treated  of  them  in  two 
divisions,  called,  respectively,  Comiophytes  and  Thallophytee, 
each  of  which  was  again  subdivided  into  several  natural  oidars. 
We  shall  follow  the  same  armngement  in  describing  their  modes 
of  reproduction,  except  that  we  shall  here  commence  with  the 
Thallophytes,  and  proceed  upwards  to  those  plants  of  a  more 
complicated  nature,  instead  of  alluding  to  theni,  as  we  then  did, 
ill  the  inverse  order. 

A.  ifcprcKfu<-iio«o/rhaHo;>Ai/(«,— The  sexuality  of  all  Thallo- 
phytes has  not  been  absolutely  proved,  but  only  concluded  from 
analogy.  Sexes  have  been  clearly  shown  to  exist  in  AIgn,  Char- 
raoewi,  Fungi,  and  Lichens.     Oersted,  indeed,  has  described  th« 
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impregnation  of  oogoniaon  the  mycelium  of  Agarictis  ;  but  recent 
observers  have  failed  to  verify  his  assertions,  and  it  is  most 
probable  that  the  reproduction  of  Agaricits  is  asexual.  The 
process  of  reproduction  in  the  Fungi  and  Lichens  has  already 
been  sufficiently  noticed  (see  pages  369-380)  ;  but  the  Alg» 
and  Characefe  require  further  explanation. 

1.  Be  product  ion  of  Algae. — The  reproduction  of  Algae  takes 
place  in  the  following  ways  ;  namely,  by  divisiaiVf  free-ceU  far- 
mat  ion,  covjvgation,  and  by  the  direct  impregnation  of  naked 
spores  or  genn  corpuscles  hy  dUated  anther ozoids  or  spemuxiozoidi. 
£ach  process  is  also  liable  to  modifications. 

a.  Conjugation. — This  process  has  been  noticed  in  the  Algae, 
as  Diatoms,  Desmids,  Spirogyra,  &c.  (See  page  384,  Jigg.  850  and 
851.)  It  consists  in  the  union  of  the  contents  of  the  cells  of  two 
filaments  {jig.  851),  and  the  formation  of  a  germinating  spore 
by  their  mutual  action.  No  difference  can  be  detected  in  the 
structure  of  the  conjugating  cells. 

Two  methods  of  conjugation  may  be  noticed  amon;:^  the 
Algffi.  In  the  first  mode,  an  seen  in  Desmidiete,  <Src.  (Ji^.  1114), 
two  individuals,  each  of  which  is  composed  of  a  single  cell,  ap- 
proach each  other,  the  external  cellulose  membranes  bounding 
their  respective  cells  then  burst,  and  the  contents  of  the  two 
L«<8ue  from  the  orifices  thus  produced,  intermingle  in  the  inter- 
vening space,  and  fonn  ultimately,  by  their  mutual  action,  a 
rounded  body  (fig.  1114),  called  a  zugosf^ore,  retfting,  or  in- 
octire  spore,  which  ultimately  germinates.  The  contents  of  the 
Fpore  are  green  and  granular  at  first,  but  ultimately  become 
brown,  yellow,  or  reddish.  These  resting  spores  are  furnished 
with  a  coat  of  cellulose  which  in  some  cases  divides  into  two 
layers,  the  e:i:os2}ore  and  endosj^ore  ;  they  ai'e  sometimes  called 
sporangia,  because  they  ultimately  produce  two  or  more  germs 
in  their  interior,  and  are  not  therefore  simple  spores. 

In  the  other  mode  of  conjugation,  which  occurs  in  Zygnema 
and  Spirogijra  (fi{is.  850  and  851),  the  cells  of  two  filaments 
develope  on  their  adjoining  sides  a  small  tubular  process  ;  these 
ultimately  meet  and  adhere,  and  the  intervening  septum  existing 
at  the  ])oint  of  contact  becoming  absorbed,  the  two  cells  freely 
communicate.  The  contents  of  the  cells  then  contract  into  a 
mass,  and  ultimately  combine  together,  either  by  the  |>assage  of 
the  contents  of  one  cell  into  the  other,  or  by  the  mixture  of  the 
contents  of  the  two  cells  in  the  tubular  process  between  them. 
Under  either  circumstance,  the  mixture  of  the  contents  of  the 
two  cells  results  in  the  formation  of  a  zygospore  or  resting  sport 
{oospore)^  which  ultimately  germinates  and  becomes  an  individiwl 
resembling  its  parents. 

h.  Impregnation  of  nuJced  spores  or  gemi-coipuscles  by  cUiated 
antherozoids  or  spei-inatozoids. — There  appear  to  be  two  forms  of 
this  fecundation  :  thus,  in  certain  Algae,  as  Va^icheriaj  the  fecun- 
dation takes  place  before  the  spore  has  separated  from  its  parent 
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—Id  these  plants  « 


(aee  page  385,  ^.  852),  wid  in  others,  after  both  the  npore  uid 
ciliated  antherozoids  or  Bpennato/^ida  have  boen  diachBrsed  u 
in  Fuc\is.     (Sue  page  Wt,pji.  8o2-856.) 

2.  HfitrodiictUnt  of  Cltarar^a  or  Charat. 
have  two  kinds  of  reproductive  or- 
gana,  called,  reepectivuly,  the  yMmle 
ifigs.  844,  c<,  nnd  84<i),  and  the  uw.iilt 
(fi.js.  1*44,  847,  and  848)  :  the  former 
ia  ra^rdud  u  the  nvtU,  and  the  latter 
aa  the  fenudf.  Feuundati'tn  takes 
place  bj  the  paasnge  of  the  (ipiral 
■perinatozoids  of  the  gluhule  {Jv-j, 
845)  down  the  cBJinl  which  extends 
from  the  a^iex  of  the  nucule  {Jigi. 
847,  a,  and  848)  to  the  central  mII 
of  the  same  atructure,  which  then 
becomes  fi:rlilised.  No  free  aporc  ia, 
however,  pMdiiced,  but  the  nuculo 
drops  olf,  and  after  a  certain  period 
gerniinatea,  though  the  aexual  leaf- 
fomiing  plant  is  not  directly  de- 
veloped, but  is  preceded  b;  a  pro- 
tntWij",  which  has,  however,  onjy  a 
limited  growth,  and  from  it  are  pro- 
ducedat  one  part  the  rhi2<iids(ri>'iffc(^) 
and  furtlier  on,  as  a  sort  of  lateral 
branch,  tjie  C'/Kirupropurf^'i/.  IWl). 
In  SiteUa  the  producliun  of  a  pro- 
embryo  has  not  been  definitelv  ob- 
aervsd,  and  here  the  new  plant  seems 
to  be  formed  at  once  from  tlie  detached 

B.  'Reprod»eti»nofCormopkyte».~ 
Of  the  sexual  nature  of  the  plants  in 
moat  ordera  of  this  sub'diviaiou  of 
the  Crypt')gaiiiia  there  can  be  no 
doubt.  The  sexual  organs  in  all  are 
also  of  an  analogous  character,  and 
are  of  two  kinds,  one  termed  an  aH' 
(kerirfium,  which  contains  spirally 
wound  ciliated  antherozoida  or  sper- 
matozoida,  and  is  regarded  as  the  '^'  "*'■  P"-, 
male  ot^n  ;  anil  the  other,  called  i^'a',^!  ITm  "proem^™! 
an  archrgvniHm  or  putilHiiiHm,  con-       At  J  nn  tba  rtiliDida,  w.     ■•'. 

taining  an  embryonal  cell  or  germ-      ttil'^SudmnmiUm'ni^cS™ 
cell,    which    i*    the    female   organ.       proper.    lAfier  Pria^itHiiD.) 
Fecundation    is   supposed  to  be   ef- 
fected by  the  contact  of   a  spermatoEoid  «rith   an  embTyoiuil 
cell  or  germ-cell.     We  have  already  deacribed  the  atructura  of 
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the  reproductive  organs  of  Cormophyt^s  (pages  356-359),  both 
before  and  after  fertilisation  ;  it  will  be  only  necessary,  therefore, 
in  the  present  place,  to  say  a  few  words  upon  the  mode  in  whicb 
fertilisation  is  supi>osed  to  take  place  in  the  difiereut  natural 
orders  included  in  this  division  of  the  Cryptogamia,  which  are 
here,  however,  arranged  in  the  inverse  order  to  that  in  which 
they  were  formerly  described. 

1.  Ilejxxficacesc  or  Livenrorts, — Tlie  two  reproductive  organs  of 
this  order  closely  resemble  those  of  the  Mosses.  They  are  termed 
autheridia  (Jigs.  820  and  821)  and  archeffonia  or  pistiUidia  ( ft^. 

822  and  823),  the  former  repre- 
FiG.  1132.  senting  the  male  sex,  and  the 

latter  the  female.  When  the 
antheridium  bursts  (^i^.  821),  it 
discharges  a  number  of  small 
cells,  which  also  burst,  and  each 
emits  a  very  small  2-ciliated 
spiral  spermatozoid.  These 
spermatozoids  are  supposed  to 
pass  down  the  canal  of  the 
archegonium  (Jig.  823)  to  the 
germ  or  embryonal  cell  which  is 
situated  at  its  bottom,  which 
thus  becomes  fertilised.  This 
cell  after  fertilisation  undergoes 
various  important  changes,  as 
already  noticed  (see  page  3(58), 
and  ultimately  becomes  a  sporan- 
gium or  sporogonium,  enclosing 
spores  and  elaters  (Jig.  824),  which 
are  elongated,  spirally-thickened 
cells,  whose  office  is  to  assist  in 
dii^seminating  the  spores  when  the  valves  of  the  sporogonia 
open.  When  these  spores  genninate,  they  generally  produce  a 
sort  of  confervoid  structure  or  mycelium  (jn'othallium),  which 
in  its  after  development  resembles  the  like  structure  of  Mosses. 
(See  below.) 

2.  Mnsci  or  Mosses. — The  reproductive  oi*gans  of  this  order 
consist  of  antheridia  (Jig.  811)  and  archegoiria  (Jig.  812),  which 
closely  resemble  the  same  structui*es  in  the  Hepaticacefle.  Fertili- 
sation takes  place  in  a  similar  manner  (see  above),  and  the  changes 
which  take  place  after  fertilisation  in  the  embryonal  cell  which 
ultimately  forms  a  sporangium  containing  spores,  but  not  elaters 
(Jig.  819),  have  been  already  described.     (See  page  365.) 

In  germination,  the  spores  at  first  form  a  green  cellular 
branched  mass  or  prothallivnij  resembling  a  Conferva,  which  is 
sometimes  termed  the  jn-otmiema  (see  page  366).  Upon  the 
threads  of  this  structure  (Jig.  1132),  buds  (a)  are  ultimately 
produced,  which  grow  up  into  leafy  stems  (6),  upon  which  the 
ftrchegonia  and  i^\sA.WV\d\&  «xq  afterwards  developea. 


Fig.  lis?.  Prothallivm  or prot&nemn  oi K 
Mops  (Funaria  htfgromfthca).  ]•.  Con- 
fervoid protoneuia :  a.  Bad.  b.  Youiig 
leafy  btem.    r.  Hootlets. 
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3.  Jjycopodiactte  or  CbUi-Mouet. — The  two  reproductive  organs 
of  this  order  are  termed  nuicroipiiTangia,  iHni]>i/miig\a,ot  oaphm-idia 
{fiji.  807  and  810),  which  rojiresent  the  female ;  ana  mwro- 
Kptiraii-jiti ,  pollen  tpunijuila,  or  antheridia  {fi^s.  608  and  809), 
\r1iicli  are  ru^t&nlcd  as  male  oi^ns.  The  contents  of  the  micro- 
H|)oraiis;ia  arc  called  nnatl  sports  (microsporfs),  which  break  up 
into  two  auta  of  celU^one  of  which  remains  inactive,  and  pro- 
bably representa  an  abortive  prothalliuu  ;  while  the  other  de- 
Telui>es  the  anUierozoids  {jig.  1133,  c).  In  the  macrosporangia 
are  fonnod  iitriie  sport*,  mncruspores,  or  mejmpi'rfs  {fig.  810).  In 
Lyriipudium  only  microsjiores  have  been  detected. 

It  is  not  till  some  uonths  after  being  sown  that  the  sporea 
commence  to  Koruiiiiate,  nur  are  the  aiitherozoids  produced  till 
B  nearly  et^ual  period  haa  elapsed.     In  germination,  the  spore 


Fio.  113S. 


i.- — Fii/.  IIH.  Vftticii  Btction  or  *  portion  d( 

ThLch  thf  jaeudu-fmbrro,  r,  hu  been  ai'TelopeU  (i 

■hH 

Im- 

■  p»it  of  il«  «Uiil«  mui  ol  tlie  ipoTfrwc 

(inacrojpur«)  produces  a  very  small  prothallium  {fig.  1134,  p\ 
on  which  archegonia  {fi^.  1136,  a)  are  subsequently  developed. 
Each  archegonium  {fig.  1135,  a)  consists  of  an  intercellular 
canal  leading  into  a  sac  below,  which  contains  a  single  germ  or 
embryunal  cell.  Fertilisation  is  considered  to  take  place  by  the 
ciliated  antberozoids  contained  in  the  microspores  {fig.  1133,  c), 
passing  down  tlie  canal  of  the  archegonium  and  coming  into  con- 
tact with  the  germ-cell.  This  cell  then  grows  by  c^-division 
and  forms  a  pteudi^evAryo  {fig.  1136,  t),  and  ultimately  pro- 
duces a  new  leafy  aponuigiferous  stem. 

4.  Marsiltacea  or  Peppcrwi/rtt.—Tiia  two  reproductive  oigans 
of  this  order  are  generally  distinguished  as  aatKeridM  {fig*.  803 
and  80G,  a),  and  pidUiidia,  maerotporangia,  tporangia,  or  omiUi 
{fig».  804  and  806,  b).     These  two  structural  are  either  contAined 
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in  separate  sacs,  as  in  Sdlvinia  (fig.  806),  or  in  the  same,  as  in 
MarsUea  {fi^.  802).  The  antheridia  contain  a  number  of  small 
cells  called  generally  pollen  spores^  microspores,  or  small  spares 
(fi^.  803),  which  ultimately  produce  antherozoids  or  spermato- 
zoids  remarkable  for  their  length  and  delicacy  {fi^.  1136).  The 
pistillidia  or  macrosporangia  {fi^.  800,  h)  contain  commonly  but 
one  spore  {fi^.  804)  called  an  omilary  spore,  large  spore,  macrosport 
or  megaspore.    In  their  organs  of  fructification  the  plants  of  this 


Fig.  1136. 


Fig.  1137. 


Fig.  1186.  Pollfn  spore^  small  tprre,  or  microsporf^  of  Pill-wort  (Pilularia 
globuli/rra)^  bursiiug  and  discharging  small  celU  enclofiing  antherozoids  or 
spermatozoids.    Some  of  tlie  latter  may  be  observed  to  have  escaped  bj 

the  rupture  of  the  Ktnall  cells  in  whicli  they  were  contained. Fig.  1137. 

Vfertical  section  of  the  prothallium  of  the  atwve,  which  Is  formed,  as  in 
the  Lycopodiaceae,  in  the  interior  of  the  lar<je  spore  or  maerosjtGrr.  Only 
one  ftrchegonium,  a,  is  here  pnxluced  in  the  centre.  Tlie  archogouium 
conmsts  of  an  intercellular  canal,  leading  into  a  sac  b^;low,  in  which  may 
be  seen  a  solitary  germ  or  embrifonal  etll. 

order  closely  resemble  the  Lycopodiaceae.  Like  the  Lycopodiaceae 
the  large  spores  also  produce  a  small  prothallium  contiuent  with 
them  {jig.  1137),  in  which  subsequently  only  a  single  archegonium 
generally,  as  in  Pilularia  and  Marsilea^  appears  {fi^.  1137,  a), 
although  in  Salvinia  several  archegonia  are  formed.  Impregna- 
tion takes  place  by  the  contact  of  the  spermatozoids  or  anthero* 
zoids  with  the  germ-cell  of  the  archegonium,  which  immediately 
developes,  and  forms  a  pseudo-embryo  bearing  a  great  apparent 
similarity  to  the  embryo  of  a  monocotyledonous  plant,  from 
which  a  leafy  stem  bearing  fructification  is  ultimately  jwo- 
duced. 

5.  Equisefaces?.  or  Horsetails,  and 

6.  Filices  or  Ferns. — The  mode  of  reproduction  of  the  plants 
of  these  two  orders  is  essentially  the  same,  and  we  shall  ac- 
cordingly allude  to  them  together.  As  already  fully  described 
(see  pages  356-300),  their  leafj*  structures  bear  sporangia  or 
capsules  in  which  the  si)ores  are  enclosed  (figs.  792-795,  and 
799-801).     There  is,  however,  but  one  kind  of  spore. 

In  germination,  which  has  also  been  noticed  (jiages  359  and 
360),  these  spores  ultimately  form  a  thin,  flat,  green  parenchyma- 
tons  expansion  (fi>gs.  796  and  1138,  b),  which  somewhat  resembles 
the  permanent  thallus  of  the  Hepaticacese  (fi^s.  820  and  822). 
Upon  the  under  surface  of  this  structure  we  have  soon  formed, 
in  the  Filices,  both  antheridia  and  archegofiia  ;  but  in  some  ol 
the  £quisetace«e,  the  antheridia  and  archegonia  have  only  been 
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found  on  separate  prothalli,  and  hence  these  plants  would  appear 
to  be  dicjucioua.  The  antheridia  (Jig.  707)  contain  a  number  of 
minute  cells  called  sperm-cells  {»e)y  each  of  wliich  contains  a 
spirally  wound  ciliated  spermatozoid  or  anthcn)7X)id  {»p).  The 
ardwgoninm  (Jig.  798)  is  a  little  cellular  papilla,  having  a  central 
canal,  which  when  mature  is  open.  At  the  bottom  of  the  canal 
is  a  cell  called  the  emhnjo-sac,  in  which  a  germ  or  einlfryo-cell  is 
develoiH.tl.  According  to  other  observers  this  so-called  embryo- 
cell  is  Hiiuply  a  germinal  cori>uscle  till  after  fertilisation  ;  that  is, 
a  free  primordial  cell,  or  ma&i  of  protoplasm,  without  an  external 
wall  of  cellulose. 

When  mature,  the  upper  part  of  the  antheridium  separates 
from  the  lower,  sometliiug  like  the  lid  of  a  box  ;  the  sperm-cells 
then  esaipe,  become  ruptured,  and  emit  their 
contained    spermatozoids.      These    si>ermato-  '*"*  ^^**°* 

zoids  make  their  way'  down  the  canal  of  the 
archegonium  to  the  embryo-sac,  by  which  the 
contained  germ-cell,  embryo-cell,  or  germinal 
coqtuscle,  is  fertilised.  This  germ-cell  then 
developes  a  pseudo-embryo,  which  soon  pos- 
sesses rudimentary  leaves  and  roots  (Jig. 
1138),  and  ultimately  produces  a  plant  with 
fronds  bearing  sporangia  or  ca{>sules,  which 
resembles  the   parent  from  which   the   spore  _ 

was  originally  obtained.  The  Ferns  and  Horse-  ^  J>rjiupiferouHpiiint 
tails  ai'o  thus  seen  to  exhibit  two  stages  of  of  a  sijecie^  of  Fern 
existoHco  :  in  the  fiwt,  the  spares  produce  a  i;,'':;^;,';:^^^ 
thalloid  exj)ansion  ;  and  in  the  second,  by  by  iinpreiriiation  in 
means  of  antheridia  and  archegonia  upon  the  \^*^  ari»ieK«uiium  of 
under  surface  of  this  prothalhum,  there  IS  ulti- 
mately produced  a  new  plant,  resembling  in  every  respect  the 
one  from  which  the  spore  was  originally  derived.  Hence  Ferns 
and  Horsetails  exhibit  what  has  been  termed  aUenudion  of 
geji^ratioiut. 

2.  Repkoduction  of  Phankeogamous  or  Cotyxedonous 
Plants. — In  all  the  plants  belonging  to  this  division  of  the 
Vegetable  Kingdom  tlie  male  apparatus  is  represented  by  one 
(Jig.  507)  or  more  (Jig.  25)  stamens,  each  of  which  essentially 
consists  of  an  anther  enclosing  pollen  (Jig,  26,  p)  ;  and  the 
female y  by  one  (Jig.  577)  or  (Jig.  30)  more  carpels,  in  (Jig.  32)  or 
upon  (Jig.  721)  wliich  one  or  more  ovules  are  formed.  When 
the  ovules  are  contained  in  an  ovary  (Jig.  32),  the  plants  to 
which  they  belong  are  called  angiospermoits ;  but  when  they 
are  only  placed  upon  metamorphosed  leaves  or  open  carjjels 
(Jig.  721),  the  plants  are  said  to  be  ggmrwapermous.  In  the 
plants  of  both  these  divisions  of  the  Vegetable  Kingdom  the 
oviiles  by  the  action  of  the  pollen  are  developed  into  perfect 
seeds  whilst  connected  with  their  parent,  the  distinguishing 
character  of  a  seed  being  the  presence  of  a  rudiment^  plant 
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called  the  cmbrjro.  The  modea  in  vhich  reprodivtioa  takca 
place,  &nd  the  after  development  of  the  embiyo,  differ  in  aevsnt 
important  particulars  in  Gymnospermoiu  aiid  AngioapermcHN 
pl^U  ;  hence  it  ia  necessary  to  describe  them  sep)USt«lf . 

A.  Reproduction  of  Gymnotpermia. — We  hare  ahreadjr  given  a 
general  description  of  tlie  pollen  and  ovules  of  Phaneragamoai 
plants,  but  as  these  structures  present  certain  differences  in  tbs 
G7UiD09penuia  from  those  found  in  the  Angiospemika,  it  wiU  be 
necessarj  for  us  to  allude  to  such  peculiarities  before  fleacribing 
the  actual  process  of  reproduction. 

The  pollen  of  the  Angiospermoua  division  of  the  Phanero- 
gamia  generally  consists,  as  we  have  seen  (pages  253—257),  of  a 
cell  containing  a  matter  called  the  forilla,  and  having  a  wall 
which  is  usually  composed  of  two  coats,  the  outer  beii^  termed 
the  extinr.,  which  possesses  one  or  more  pores  {Jig.  565)  or  sUt» 
{figi.  363  and  564),  or  both  ;  and  the  inner,  called  the  in/iw, 
which  is  destitute  of  any  pores  or  sUta,  and  consequently  formi 
a  completely  closed  membrane,  Each  pollen-gnun  of  the  Angio- 
Bpermia  ia  thus  seen  to  be  B  simple  celL  In  the  Gynuiospemiia, 
on  the  coittrarj,  the  pollen-grains  are  not  simple  cells,  but  they 
contain  other  small  cells  from  one  of  which  the  pollen-tube  ii 
developed,  and  which  adhere  to  the  inside  uf  the  internal  mem- 
brane close  to  the  point  where  the  external  membrane  presents 


nucleus  or  macro-sporange  {Jig.  1140,  a),  enclosed  by  a  singla 

coat,  and  with  a  large  micropyle,  m.     Before  the  ooutact  of  tiis 

■k|aHL  with  the  micropyle,  the  primary  embiyo-cac  (macroapors) 


at  at  Oio  vmbry^jiD.  wli)i  iwo  HcfluilV7  puiJTj'n-iiiicii,  t»r- 

mfitflti^    B.  The  mat.  ingn  nlruinil.   fl.  Fullm-tDln'  ia 

HifWVW  to  tlw  BorpiuciiU.    ft.  Grniiiiul  m^Mvhii  at  tliv 

»—  Mrmdu;  tToliryi««r-    e,  r,  o.  eiiBj«<l«i  Mium>  u(  dncluii- 


li  not  formed  in  the  ■uporficial  ccUs  of  h,  but  fmiii  celU 
d  Ujer,  HO  tliat  ench  m  Beiiai-ated  frmii  tlic  lueiiibraiiu 
r  eiubryo-uc  by  one  cell  {fij-  1143,  a).     Thesu 
verocslled  by  Robert  llniwn,  tlicir  discoverer, 

B  the  archegimia  in  the  iiitfmnl  prutliiJliuni 

Wi)i  Btlaginrlta.     After  n  tiiuF  the  secondary  tinbrj-o- 
^into  aav^/^^iedxtll,  nnd  a  lower  nr  central  cell, 
1  upoedily  ilivideB  and  subUividvB, 
___^^^^^  -niiiuiits  tlio  ceiitml  cell.     In  tlie 

^of  l^^^^^l  I  formed,  from  subdivinion  of  the 

^  liicli  is  called  the  riiiKil-ceU.     Thu 
iniata  of  a  large  i^ntral  cell 
(.ells  placed  iuiuiediately 
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the  wall  of  the  primary  embryo-sac,  or  separated  from  it  by  t 
funnel-shaped  space.' 

The  process  of  fertilisation  takes  place,  as  follows :  After  the 
contact  of  the  pollen  with  the  niicropyle  of  the  ovule,  the  pollen- 
tube,  after  remaining  passive  for  a  variable  space  of  time,  takes 
an  active  growth,  traverses  the  endosperm,  and  arrives  at 
the  embryo-sac  by  the  time  the  corpuscles  are  developed.  It 
penetrates  the  wall  of  the  embryo-sac,  enters  into  and  dilates  the 
funnel-shaped  space  just  mentioned,  passes  down  between  the 
cells  of  the  rosette,  pushing  them  on  one  side  (Taxace»,  Cupres- 
sese),  or  causing  their  absorption  and  disappearance  (Abietes) 
as  well  as  that  of  the  caixal-ceU,  and  finally  penetrates  into  the 
cavity  of  the  canal-cell.  The  changes  which  take  place  in  this 
latter  are,  according  to  Strasburger,  these  : — disappearance  of 
the  original  nucleus,  and  formation  of  four  to  eight  new  nuclei 
by  condensation  of  the  protoplasm  and  subsequent  secretion  of 
a  cellulose  wall  around  them.  In  this  way  four  to  eight  new 
cells  are  formed  by  free  cell-formation  in  the  central  cell  after 
fertilisation  ;  these  new  cells  divide  so  as  to  form  cellular  fila- 
ments, which  break  out  through  the  bottom  of  the  endosperm 
into  the  substance  of  the  nucleus  {fig.  1142,  c).  At  the  ends  of 
these  filaments  cell-division  again  occurs  {fig,  1142,  d)  ;  and 
from  the  apex  of  one  of  these  susjyensors  or  pro-emhryos  is 
developed,  by  repeated  cell-division  in  various  directicins,  the 
embryo  (d,  cm).  At  one  stage  (in  Thuja)  a  single  apical  cell, 
the  terminal  one  of  a  group  of  five,  from  which  ultimately  all  the 
tissues  of  the  embryo  are  formed,  recalls  the  single  apical  cell  of 
the  Cryptogamia,  but  it  is  soon  lost  by  subdivision.  As  there 
are  several  corpuscles,  and  each  produces  four  suspensors,  a  large 
number  of  rudimentary  embryos  are  developed  ;  but  usuallj 
only  one  of  all  these  rudiments  is  perfected. 

'  That  embryo  which  is  fully  developed  gradually  increases 
in  size,  and  most  of  the  structures  above  described  disjippear,  so 
that  the  ripe  seed  exhibits  a  single  embryo  embedded  in  a  mass 
of  endosperm  or  albumen,  the  latter  originating  apparently 
from  the  nucleus  of  the  ovule.  The  radicle  is  covered  by  a 
pikorhizaj  which  is  ultimately  blended  with  the  substance  of  the 
endosperm.' 

B.  Eeprodiiction  of  Angiospermia. — The  structure  of  the  pol- 
len-cells of  the  Angiospermia  has  been  already  described  (see 
Folle7i,y  and  page  794),  and  need  not  be  further  alluded  to  in  this 
place 

The  ovule  has  also  been  particularly  noticed,  and  we  shall 
now  only  recapitulate  its  component  parts  at  the  time  when  the 
pollen  is  discharged  from  the  anthers — that  is,  just  before  im- 
pregnation takes  place.  It  then  consists  of  a  cellular  nucleus 
(fig.  1143,  n),  enclosed  generally  in  two  coats— an  outer  the 
prvminey  and  an  inner  the  secundine,  of  Mirbel,  as  in  the 
present  figure.     But  sometimes  there  is  but  one  coat  (Jig,  729), 
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and  in  rare  cases  the  nacleiu  ts  naked,  or  deyoid  of  anv  coat 

These  coats  completely  inTest  the  nucleus  except  at  the 
apex,  where  a  small  opening  or  canal  is  left,  termed  the  micro- 
pyio  {j\y.  J143,  m).  In  the  interior  of  the  nucleus,  but  of 
various  atzes  in  proportiuii  to  it,  the  embryo-sac  (fig.  1143,  ») 
is  commonly  seen.  This  sac  is,  however,  liable  to  many  modi- 
fications ;  thus,  in  some  cases,  as  in  the  Orchidaceie,  the  embryo- 
sac  completely  obliterates  the  celln  of  the  nucleus  by  its  develop- 
ment, so  that  the  OTulc  consists  simply  of  it  and  its  two  proper 
coats.  In  the  Leguminosn:,  the  embryo-sac  increases  still  further, 
and  causes  the  absorption  of  the  secundine  or  inner  coat  of  the 
ovule  also,  so  that  it  is  thensiiiiply  invested  by  one  coat(primiiie); 
while  in  other  plants,  as  in  the  Snntalacex,  the  sac  elongates  so 
muchat  the  apex  as  to  project  out  of  the  micrupjle.    Tlieembryo- 


Bac  contains  at  first  a  more  or  less  abundant  quantity  of  proto- 
plasm ;  in  this  nuclei  afterwards  appear  {fig.  1144,  »),  which, 
by  the  jirocess  of  free  cell -development,  forni  a  ci'iroa  ponding 
number  of  cells  (usually  three),  which  are  commonly  termed 
germUial  vesicles  {figt.  1143,  c,  and  1145,  6).  The  vesicles  are 
situated  at  or  near  the  siinunit  of  the  embryo-sac.  Henfrey  says, 
that  these  are  not  jterfuct  vesicles  with  a  cellulose  cont  liefore  ini- 

{iregnation,  but  merely  corpuscles  of  protoplasm  (primordutl  celli), 
ike  the  unfertilised  spores  of  Fwciu  (page  388).  Hence  he  terms 
them  germitutl  wTpu*des,  and  applies  the  term  germinal  v(sicle 
only  to  the  impregnated  corpuscle  or  rudimentary  embryo. 
Whether  these  are  simply  corpuscles  of  protoplasm  or  true 
vesicles  is  doubtful  ;  but  we  shall  in  future,  in  accordance  with 
the  majority  of  observers,  consider  them  as  true  vesicles  before 
impregnation. 


tea 
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Such  is  the  general  structure  of  the  unimpT«gnated  OTuIe. 
Much  difference  of  opiniim,  until  the  laat  few  ye&n,  esisted 
among  physiologiata  as  t*i  the  contents  of  the  embryo-sac  previous 
to  impregnation.  Schlciden,  Suhacht,  and  others,  contended, 
ttiat  no  germinal  veBJcle  existed  in  the  sac  unlQ  after  the  con- 
tact of  the  polien-tube  with  it  in  the  ordinary  process  of  im- 
pregnation ;  in  fact,  they  believed  that  the  germinal  Tesicle  wim 
itself  formed  from  the  end  of  the  iK>llen-tube,  which,  according 
to  their  observations,  penetratcil  the  wall  of  the  sac,  and  by 
subsequent  development  produced  the  embryo.  This  view  was, 
howeTer,  at  once  combated  by  many  accurate  observers,  who 
■Jl  agreed  in  describing  the  presence  of  one  or  mure  germinal 
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vesicles  or  cnrpuscleg  in  the  sac  before  impregnation  ;  and  anb- 
sequently,  Schleiden  himself,  who  originated  this  view  of  tht 
origin  of  the  embryo,  was  convinced  of  his  error,  by  Raddlkofer, 
one  of  his  own  pupils. 

When  tile  pollen  in  the  process  of  poUinafiim  (page  20)  falls 
upon  the  stigma  (Jig.  1147,  b,  a)  (the  tii»ue  of  which  at  this 
period,  as  well  as  that  forming  the  conducting  tissue  of  the  style 
and  neighbouring  parts,  secretes  a  peculiar  viscid  fluid  as  de- 
Bcribed  at  page  263),  its  inline  protrudes  through  one  or  more 
of  the  pores  or  slits  of  the  extine  (Jig.  570)  in  the  form  of  a  de- 
Ucate  tube,  which  penetrates  through  the  cells  of  the  stigma, 
by  the  viscid  secretion  of  which  it  is  nourished,    lo  moat  plants 
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but  one  poUen-tube  is  emitted  by  each  pollen-cell  (Jig),  1146,  a 
and  B,  and  1147,  «),  but  the  number  varioB,  and,  according  to 
s<)me  obiervers,  is  sometimes  twenty  or  more.  The  pollen-tube 
continues  to  elongate  by  growth  nt  ita  apex,  and  piuweH  down 
through  tiie  conducting  tissue  of  the  canal  of  the  style  (Jigs. 
B71,  ip,  and  1147,  c)  when  this  exists,  or  directly  into  the  ovary 
when  the  stylo  is  absent.  This  growth  of  the  pollen-tube  is 
occasioned  by  the  nourishing  influence  of  the  viscid  secretion 
which  it  loeeta  with  in  its  paBsage  through  the  stigma  and  con- 
ducting tissue  of  the  style. 

These  tubes  are  extremely  thin.  They  vary  in  length  ac- 
(jording  to  circumstances,  but  are  frequently  many  inches  ;  and, 
as  shown  by  Professor  Martin  Duncan,  they  ore  not  in  all  cases 
continuous  tubes,  as  previously  supposed,  but  that  in  TigridUt, 
and  all  other  monocotyledonous  plant*  with  lung  styles  which 
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he  examined,  they  are  composed  of  severnl  elongated  cells, 
which  are  doubtless  produced  by  the  ordinary  nroceas  of  cell- 
n  (see  page  256).     The  time  required  for  the  development 


of  these  tubes  also  varies  in  different  pollens  ;  thus,  sometimes 
they  are  developed  almost  immediately  the  pollen  comes  into 
contact  with  the  stigma  ;  while  in  other  cases,  many  hour*  are 
required  for  the  purpose.  The  pollen-tubes  also  occupy  a  vary- 
ing  time  in  traversing  the  canal  of  the  stylo — that  is,  from  t,  few 
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hours  to  some  weeks.  When  the  pollen-tubes  have  penetrated 
the  stigmatic  tissue,  the  secretion  of  the  latter  ceasos  and  the 
stigma  dries  up.  The  upper  part  of  the  pollen-tubes  also  withen 
above,  aa  growth  takes  place  below. 

The  pollen-tubes  havmg  reached  the  ovary  are  distributed  to 
the  placenta  or  placentas,  and  then  come  ultimately  in  contact 
with  the  ovule  or  ovules.  One  (or  sometimes  two)  of  these 
pollen-tubes  enters  into  the  micropyle  of  each  of  the  ovules  {Ji^ 
1147,  c,  1148,  t,  and  1149,  <)»  ^^^  ^^"s  reaches  the  nucleus  and 
embryo-sac.  When  it  arrives  at  the  latter  it  is  generally  some- 
what enlarged  (Jig.  1149,  f),  and  adheres  firmly  to  it  at  or  near 
its  apex.  The  embryo-sac  is  frequently  introverted  to  a  slight 
extent  at  the  point  of  contact  with  the  pollen-tube  (Jigs.  11 48  and 
1149),  and  it  is  stated  by  Hofmeister  to  perforate  it  in  Canna ; 
but  if  such  a  perforation  occurs  in  this  case,  it  is  altogether  an 
exception  to  wliat  is  generally  observed.  As  soon  as  the  contact 
of  the  pollen- tube  with  the  embryo-sac  is  effected,  a  kind  of  osmo- 
tic action  between  the  contents  of  the  two  takes  place,  the  result 
of  which  is  the  development  of  one,  or  rarely  two,  as  in  Orchu 
and  Citm^ff  or  more,  of  the  germinal  vesicles,  into  embrj'os. 
According  to  Henfrey,  as  previously  noticed  (see  page  797),'the 
first  change  is  the  development  of  the  germinal  corpuscle  into  a 
germinal  vesicle  or  cell. 

The  germinal  vesicle,  in  its  development  into  an  embryo, 
generally  divides  in  a  transverse  manner  into  two  cells  (Juf. 
1149,  c) ;  the  upper  of  which  by  elongating,  and  frequently  by 
further  division,  forms  the  pro-emhnjo  or  sv^)eiisor{fifi.  1148,5), 
by  which  the  lower  cell  is  suspended  from  the  apex  of  the 
embryo-sac.  This  lower  cell  assumes  commonly  a  globular  form 
{fig.  1148,  r),  and  ultimately  by  cell-division  forms  the  embryo, 
whether  mono-  or  di-cotyledonous.  The  suspensor  is  not  pre- 
sent in  all  cases,  while  in  others  where  it  is  found,  it  varies  in 
length.  It  is  evidently  not  essential  in  all  instances,  as  it 
always  shrivels  up  during  the  development  of  the  cell  wliich  it 
supports  into  the  embryo.  The  latter,  therefore,  is  the  true 
rudimentary  embryo.  Other  variations  occur  in  the  mode  in 
which  the  germinal  vesicle  is  developed  into  an  embryo,  but  the 
above  is  a  general  sketch  of  the  subject,  and  all  that  our  space 
will  allow  us  to  give. 

The  changes  which  take  place  in  the  ovnle  during  the  deve- 
lopment of  the  embryo,  and  the  subsequent  growth  of  the  latter, 
have  been  already  alluded  to  when  treating  of  the  seed.  (See 
NnclcMs  or  Kernel^  page  330 ;  and  Development  of  the  Embryo^ 
page  333.) 

Darwin  has  shown  that,  in  numerous  plants,  crossing  is 
necessary  for  a  completely  fertile  union  of  the  sexes  ;  that  is, 
that  the  ovules  of  one  flower  must  be  fertilised  by  pollen  from 
another  of  the  same  species.  This  may  be  effected  in  many  ways ; 
e.g.  by  the  wind  in  dioecious  plants,  or  frequently  by  the  on- 
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conscious  agency  of  insects,  as  in  the  OrchidaceaB,  where  the 
various  modifications  of  structure  to  ensure  cross-fertilisation  by 
this  lattt^r  means  are  strikingly  beautiful.  It  seems  not  unlikely 
that  further  investigations  will  prove  that  self-fertilisation  is 
exceptional  in  plants  ;  certainly  occasional  crossing  seems  to  be 
necessary. 

Dimorphic  or  lietero-dyhd  species  are  those  which  possess  two 
forms  of  both  sorts  of  sexual  organs,  as  species  of  Primula^ 
Ox-aliSy  and  Fnlnnmariaj  which  have  br)th  long  and  short  stamens, 
and  long  iind  short  styles.  The  long  stamens  are  associated  with 
the  short  styles  and  vice  veradj  in  the  flowers  ;  and  Darwin 
has  proved,  by  experiment,  that,  for  the  complete  fertilisation 
of  either  kind  of  pistil,  it  is  neces.sary  that  pollen  from  the 
stamens  of  corresponding  length,  and  therefore  from  a  different 
flower,  be  employed.  Lythrnm  Salicaria  is  trimorphic — i.e.  has 
styles  and  stamens  of  three  diflerent  lengths — and  similar  laws 
have  been  observed  to  prevail  in  its  fertilisation.  Le«jitimate 
fertilisation  is  the  impregnation  of  the  style  of  one  flower  by  the 
pollen  from  a  stamen  of  equal  length  with  itself,  but  belonging 
to  another  fl<;wer ;  while  the  fertilisation  of  a  pistil  by  pollen 
from  a  stamen  of  diflerent  length  is  termed  ilhrfiiiinate, 

HyhrUiisationy  Hybridation j  or  the  Production  of  Hybrids  in 
Plants. — If  the  jwllen  of  one  species  is  applied  to  the  stigma  of 
another  species  of  the  same  genus,  should  impregnatitm  take 
place,  the  seeds  thus  produced  will  give  rise  to  ott'spring  inter- 
mediate in  their  charactei*s  between  the  two  pju-ents.  Such 
plants  are  called  hybrids  or  ninles.  The  true  hybrids,  which 
are  thus  produced  between  species  of  the  same  genus,  must  not 
be  confounded  with  simple  cmss-bi'eedsy  which  result  from  the 
crossing  of  two  varieties  of  the  same  species ;  these  may  be 
tcnned  sub-hifbnds. 

As  a  general  rule,  true  hybrids  can  only  be  produced  between 
nearly  allied  species,  although  a  few  exceptions  occur,  where 
hybrids  have  been  formed  between  allied  genera  ;  these  are  called 
bigeners.  The  latter,  however,  are  not  so  permanent  as  the 
former,  for  in  almost  all  cases  they  are  short-lived. 

Hybrids  always  possess  some  of  the  characters  of  both  pa- 
rents, but  they  generally  bear  more  resemblance  to  one  than  the 
other.  Sometimes  the  influence  of  the  male  parent  is  most  evi- 
dent, and  at  other  times  that  of  the  female,  but  no  law  can  at 
present  be  laid  down  with  regard  to  the  kinds  of  influence  ex- 
erted by  the  two  parents  respectively  in  determining  the  cha- 
racters of  the  hybrid.  In  very  rare  cases  it  lias  been  noticed 
that  diflerent  shoots  of  the  same  hybrid  plant  have  exhibited 
diflferent  characters,  some  bearing  flowers  and  leaves  like  their 
male  parent,  others  like  the  female,  and  some  having  the  cha- 
racters of  both.  In  such  cases,  therefore,  the  hybrid  characters 
are  more  or  less  separated  in  the  diflerent  shoots,  which  present 
respectively  the  characters  of  one  or  the  other  of  their  parents. 

3  F 
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An  example  of  these  facts  may  be  seen  in  Cytisus  Adami^  pro* 
duced  by  the  true  hybridation  of  Cyfts%is  Laburnum  and  Cytisnu 
purpnreus. 

Hybrids  rarely  produce  fertile  seeds  for  many  generations, 
and  hence  cannot  be  generally  perpetuated  with  any  certainty 
by  them  ;  but  if  they  are  of  a  woody  nature,  they  may  be 
readily  propagated  by  budding,  grafting,  and  other  analogous 
processes.  (See  page  102.)  Hybrids  are  fertile  with  the  pollen 
of  one  of  their  parents  ;  the  offspring  in  such  a  case  resembles 
closely  the  parent  from  which  the  pollen  was  obtained.  By  the 
successive  impregnation  of  hybrids  through  three,  four,  or  more 
generations  with  the  pollen  of  either  of  their  parents,  they  revert 
to  their  original  male  or  female  type  ;  thus,  when  the  hybrid  is 
successively  impregnated  by  the  pollen  of  its  male  parent,  it 
reverts  to  the  male  type  ;  and  when  with  that  of  the  female,  to 
the  female  type.  The  influence  of  the  latter  is,  however,  more 
gradual. 

Hybrids  somewhat  rarely  occur  in  wild  plants.  This  arises 
chiefly  from  the  following  causes  :  thus,  in  the  flrst  place,  the 
stigma  is  more  likely  to  be  impregnated  with  the  pollen  from  sta- 
mens immediately  surrounding  it,  or  from  those  m  other  flowers 
on  the  same  plant,  than  by  that  of  other  and  more  distant  plants ; 
and,  secondly,  the  stigma  has  a  sort  of  elecfive  affinity  or  naiurcd 
preference  for  the  pollen  of  its  own  species.  Indeed,  Gaertner 
found,  that  if  the  natural  pollen  and  that  of  another  species  be 
applied  to  the  same  stigma  at  the  same  time  the  latter  remained 
inert,  and  the  former  alone  fecundated  the  ovules,  or  was  prepo- 
tent over  the  other  ;  and,  moreover,  that  when  the  natural  was 
applied  a  short  period  subsequently  to  the  foreign  pollen,  the 
seeds  thus  produced  were  never  hybrids.  Hybrids  appear  to  he 
produced  more  frequently  in  wild  plants  when  the  sexes  are  is 
separate  flowers,  and  more  especially  when  such  flowers  are  on 
different  plants. 

Hybrids  are  frequently  produced  artificially  by  gardenen 
applying  the  pollen  of  one  species  to  the  stigma  of  another,  and 
in  this  way  important  and  favourable  changes  are  effected  in  the 
chaiacters  of  our  flowers,  fruits,  and  vegetables.  But  varieties 
thus  produced  are  not  commonly  true  hybrids,  but  simple  cross- 
breeds. 

The  investigations  of  late  years  would  appear  to  show,  that  i 
similar  law  as  regards  hybridisation  occurs  in  the  Crypt4>gamiaas 
in  the  Phanerogamia.  Thus,  Thuret  has  succeeded  in  fertilising 
the  spores  of  Fucus  vesiculosus  with  the  spermatozoids  of  Fucut 
sen-atus,  an  allied  species ;  but  he  failed  in  his  attempts  to 
fertilise  the  spores  of  one  genus  of  the  Melanosporeous  Algs  bj 
the  spermatozoids  of  another.  Other  evidence  has  also  been 
adduced  as  to  the  hybridisation  of  Cryptogamous  plants,  and 
there  can  be  little  doubt  that  hybrid  Ferns  are  sometimes  pro- 
duced when  a  number  of  species  are  cultivated  together,  for  it 
has  been  noticed  that,  imder  such  circumstances,  plants  msie 
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their  appearance,  which  present  characters  of  an  intermediate 
nature  between  two  known  species. 

3.  Of  the  FKurr. — ^When  fertilisation  has  been  effected 
(see  page  287)*  important  changes  take  place  in  the  pistil  and 
other  organs  of  the  liower,  the  result  of  which  is  the  forma- 
tion of  the  fruit.  The  calyx  and  corolla  generally  fall  off,  or  if 
persistent,  tliey  form  no  portion  of  the  fruit  except  when  the 
calyx  is  adherent,  as  in  the  Apple  {fig.  714),  when  it  necessarily 
constitutes  a  part  of  the  pericarp.  The  style  and  stigma  also 
become  dry,  and  either  fall  off,  as  in  the  majority  of  cases,  or  are 
persistent,  as  in  the  Poppy  and  Anemone  {fig.  695).  But  the 
principal  alterations  take  place  in  the  wall  of  the  ovary,  which 
usually  becomes  more  or  less  swollen,  and  soon  undergoes  im-- 
portant  chemical  changes,  and  forms  the  pericarp,  either  by 
itself  (a  tnm  fruit),  or  combined  with  the  adherent  calyx  (a  «pK- 
rimis  fruit).  Some  pericarj^s,  as  already  noticed  (page  290),  are 
fully  developed  without  the  fertilisaticm  of  the  ovules,  as  those 
of  many  Oranges,  Grapes,  Bananas,  &c.  The  fruits  thus  formed, 
although  frequently  more  valuable  than  others  for  food,  are,  of 
course,  useless  for  reproduction. 

The  fruit  in  its  growth  attracts  the  food  necessary  for  that 
purpose  from  surrounding  parts,  hence,  the  fruiting  of  plants 
requires  for  its  successful  accomplishment  an  accumulation  of 
nutrient  matter,  and  is,  therefore,  necessarily  an  exhaustive 
process.  That  the  reproductive  processes,  and  especially  the 
ripening  or  maturation  of  the  fruit,  tend  to  exhaust  the  indi- 
vidual, is  proved  in  various  ways.  Thus,  plants  which  fruit  the 
same  year  in  which  they  are  developed  afterwards  perish,  from 
the  exhaustion  of  nutrient  matter  thus  occasioned  ;  and  that  such 
is  the  reas<m  is  proved  by  the  fact,  that  we  can  make  annuals 
biennial  or  even  perennial,  by  plucking  off  the  flower-buds  as  they 
are  successively  developed.  Some  planta  which  only  flower  once 
require  many  years  to  accumulate  sufficient  nourishment  to 
support  the  processes  of  reproduction.  Such  are  the  American 
Aloe  and  the  Talipot  Palm,  both  of  which  live  many  years  before 
flowering,  after  which  they  die.  A  bad  fruit  year  is  generally 
succeeded  by  a  good  one,  and  vice  versd,  because  in  the  former 
case  an  additional  supply  of  nutrient  matter  is  stored  up  for  the 
fruiting  season,  and  in  the  latter  there  is  a  diminished  amount. 
Again,  if  a  branch  of  an  unproductive  tree  have  a  ring  of  bark 
removed  so  as  to  prevent  the  downward  flow  of  the  elaborated 
sap,  its  accumulation  above  will  cause  the  branch  to  bear  much 
fruit.  Pruning  depends  for  its  success  upon  similar  principles^ 
In  order  to  obtain  good  fruit  it  is  also  necessary  not  to  idlow* 
too  many  to  come  to  perfection  on  the  same  plant.  Other 
matters  connected  with  this  exhaustion  by  fruiting  have  been 
already  alluded  to,  in  speaking  of  Annual,  Biennial,  and  Peren- 
nial Bioota,  at  page  128. 
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The  changes  produced  upon  the  atmosphere  in  the  maturation 
or  ripening  of  the  fruit,  depend  upon  the  nature  of  the  pericarp. 
Thus,  when  the  pericarp  preser\'e8  its  green  state,  as  also  alwa3rs 
when  first  formed,  it  has  an  action  similar  to  that  of  the  leaves  ; 
but  when  of  other  colours  than  green,  and  more  especially  when 
succulent,  it  evolves  carbon  dioxide  at  all  times,  instead  of 
oxygen,  under  the  influence  of  solar  light. 

Chemical  Constitution  of  Fruits. — The  chemical  constitution 
of  fruits  varies  according  to  their  nature  and  age.  When 
the  pericarp  is  of  a  dry  nature,  it  commonly  assumes  a  whitish 
or  brownish  colour,  and  it«  cells  become  thickened  with  hardened 
matters,  and  their  cellulose  walls  converted  into  liqnin.  Under 
such  circumstances,  no  further  changes  take  place  in  it-s  chemical 
constitution,  and  its  vital  activity  ceases.  But  when  the  p>ericarp 
becomes  succulent  whilst  ripening,  it  assumes  various  tints ;  tran- 
spiration goes  on  from  its  outer  cells,  the  contents  of  which  thus 
become  dense,  and  absorb  the  watery  matters  from  those  within 
them  ;  these  in  like  manner  react  upon  the  contents  of  those 
within  them,  and  so  there  is  a  constant  passage  of  fluid  matters 
from  the  surrounding  parts  by  osmotic  action  into  the  pericarp  ; 
in  this  way,  therefore,  it  continues  to  enlarge,  until  it  has 
arrived  at  maturity,  when  transpiration  nearly  ceases  from  the 
deposition  of  waxy  matter  in  or  upon  the  epidermal  cells,  and 
the  stalk  by  which  it  is  attached  to  the  plant  becomes  dried  up. 
When  fii-st  formed  such  pericarps  have  a  like  composition  with 
leaves,  and  but  little  or  no  taste.  After  a  time  they  acquire  an 
acid  flavour  from  the  formation  of  vegetable  acids,  and  salts 
with  an  acid  reaction.  The  nature  of  these  acids  and  salts 
varies  in  diflferent  fruits  ;  thus  the  Grape  contains  tartaric  acid 
cliiefly  and  bitarti-ate  of  potash,  the  Apple,  malic  acid,  and  the 
Lemon,  citric  acid.  As  the  pericarp  ripens,  saccharine  matter 
is  formed,  and  the  quantity  of  free  acids  diminishes,  partly  from 
their  conversion  into  other  matters,  and  partly  fix)m  their  com- 
bination with  alkalies.  In  order  that  these  changes  may  be 
properly  efiected,  it  is  necessary  that  the  fruit  be  exposed  to  the 
sun  and  air,  for  if  grown  in  the  dark  it  will  continue  acid  ;  and 
it  will  be  much  less  sweet  even  when  developed  in  diflfused  day- 
light, than  when  freely  exposed  to  the  sun.  As  fruits  ripeu 
they  evolve  carbon  dioxide,  as  already  noticed,  give  off"  watery 
fluids,  and  a  sensible  elevation  of  temperature  may  l>e  noted. 

The  origin  of  the  sugar  of  fruits,  and  even  its  nature,  is  not 
satisfactorily  determined.  According  to  most  observers,  ripe 
fruits  contain  grape  sugar,  but  M.  Buignet  states  that  the  sugar 
which  is  primarily  formed  in  acid  fruits  is  saccharose  or  cane 
sugar,  and  that  during  the  process  of  ri]>ening,  this  sugar  is 
gradually  changed  into  fructose  or  fruit  sugar,  but  very  often 
there  remains  in  the  ripe  fruit  a  mixture  of  these  two  sugars. 
The  origin  of  the  sugar  is  variously  attributed  to  the  transforma- 
tion of  the  acids,  cellulose,  lignin,  starch,  dextrin,  gum,  and 
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matters  of  a  like  nature.  According  to  M.  Buignet's  investiga* 
tions,  the  cause  of  the  change  of  the  primarily  formed  cane 
sugar  into  fructose  is  not  the  acids  of  the  fruits,  but  appears  to 
depend  on  the  influence  of  a  nitrogenous  body  playing  the  part 
of  a  glucosio  ferment,  analogous  to  that  which  M.  Berthelot  has 
extracted  from  yeast.  M.  Buignet  adds,  that  *  the  abundance 
in  which  starch  is  found  distributed  through  the  Vegetable  King- 
dom, Icails  to  the  sup|K>sition  that  it  is  the  true  source  of  the 
saccharine  matter  in  fruits.  Its  presence  cannot,  however,  be 
detected  in  green  fniits,  either  by  the  microscope  or  by  iodine, 
excepting  in  green  bananas,  which  contain  a  notable  quantity  of 
starch.*  M.  Buignet  also  n<:>tices  that  green  fruits  contain  an 
astringent  principle  resembling  tannin,  which  is  capable  of  being 
converted  int<^  a  sugar  identical  with  the  sugar  from  starch,  under 
the  influence  of  dilute  acids  and  a  proper  temperature.  The 
pr(>porti(m  of  this  tannin  diminishes  in  fruits  in  the  stime  ratio 
that  the  j)ropt)rtion  of  sugar  increases. 

The  changes  which  take  place  in  the  composition  of  fruits 
during  ripening  are  well  exhibited  in  the  following  table  founded 
upon  Be'rard^s  observations  : — 


Water. 

Sugar. 

IJgnrooa 
2iatur. 

Names  of  Fruits. 

V 

rnriiKJ. 

Ril«. 

L'nripe. 



A  trace 

Kipe. 

Unriiie. 

Ripe. 

when 

young. 

uud  then 

Apricots        .        . 

! 

89-39 

74-87 

6-«4 

16-48 

a-ci 

With  the 
n.-ed*:-  - 

1-86 

Red  Currants 

86-n 

81-10 

0-52 

6-24 

hAr* 

801 

Duke  C-lierrics 

bS'IS 

74-86 

lli 

1812 

2-44 

112 

'  Green gajre  Plains. 

74-87 

71-10 

17-71 

24-81 

1-26 

111 

!  Melting  Penclies   . 

90  31 

8U-24 

0-63 

11-61 

801 

1-21 

1  Jargonelle  Peuni  . 

86-i8 

83-b8 

6-45 

11-62 

8-80 

219 

The  pericarj)  of  some  fniits  has  developed  in  it  during  the 
process  of  ripening  tixed  and  essential  oils,  as  well  as  other 
substances  of  an  ai'omatic  nature.  According  to  Fr^my,  the 
inner  walls  of  the  cells  of  succulent  fruits  in  an  unripe  state, 
consist  of  a  substance  called  ptctoae^  which  is  insoluble  in  water, 
alcohol,  or  ether.  This  body  has  not  been  isolated,  but  is  con- 
verted in  ripe  fruits  by  the  agency  of  acids  into  peciine,  which  is 
soluble  in  water.  Pectine  is  afterwards  transformed  into  pectasic 
and  then  into  pectic  add  through  the  agency  of  a  peculiar  ferment 
called  pectose.  Fr^my  has  also  noticed,  that  at  the  period  of 
maturation  the  thickness  of  the  cell- walls  diminishes  rapidly ; 
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hence  it  would  apx)ear  that  these  transformations  of  the  pectie 
compounds  play  an  important  part  in  the  changes  whic^  are 
taking  place  during  the  rijiening  of  the  fruit. 

Ilipeniwj  of  Fruits. — The  tune  when  a  fruit  is  oonsidered  ripe 
varies  in  different  cases.  When  the  pericarp  is  of  a  dry  nature, 
the  fruit  is  looked  upon  as  ripe  just  before  it  dehisces  ;  but  when 
the  pericarp)  is  of  a  pulpy  nature  and  edible,  we  commonly  re* 
gard  it  as  mature  when  most  agreeable  for  food.  Hence  the  Apple 
is  considereil  to  be  ripe  in  a  state  in  which  the  Medlar  would  be 
regarded  as  unripe. 

Wlien  succulent  fruits  are  ripe,  they  undergo  another  change, 
a  species  of  oxidation,  which  jyroduces  a  decay,  or  hltiting  of 
Uieir  tissues,  as  it  has  been  called  by  Lindley.  This  bletting, 
according  to  B^rard,  is  e8i)ecially  evident  in  the  fruits  of  the 
Pomeoe  and  Ebenacese,  and  it  would  appear  that  the  more 
austere  the  fruit  is,  the  more  it  is  capable  of  bletting  regularly. 
Bletting  a[)i)ears  to  be  [>eculiar  to  such  fruits,  and  may  be  re- 
garded as  a  state  intermediate  between  maturity  and  decay.  A 
Jargonelle  Pear,  in  passing  from  ripeness  to  blotting,  according 
to  Berard,  loses  a  great  deal  of  water  (83*88,  which  it  contains 
when  ripe,  being  reduced  to  G2'73) ;  much  sugar  (11 -52,  being 
reduced  to  8  77)  ;  and  a  little  lignm  (2*19,  being  reiluced  to 
l'8n) ;  but  it  acciuires,  at  the  sjime  time,  rather mjre  malic  acid, 
gum,  and  animal  matter. 

The  time  nxpiired  by  different  plants  for  ripening  their  fmita 
varies  mucli,  but  aluiost  all  fruits  come  to  maturity  in  a  few 
months.  Some,  as  those  of  Grasses  generally,  take  but  a  few 
days  ;  while  others,  as  certam  of  the  Conifene,  &c.,  require  more 
than  twelve  months. 

4.  Of  the  Seed. — Tlic  structure  and  general  characters  of 
the  seed,  as  well  as  the  origin  and  progressive  development  of 
its  i«irts,  have  been  already  fully  alluded  to  in  a  former  section 
of  this  work  (pages  324-340). 

Our  limited  space  prevents  us  from  alluding  to  the  multitude 
of  ways  and  contrivances  by  which  the  natural  dissemination  of 
seeils  is  effected,  and  to  the  number  of  seetls  produced  by  plants. 
Suffice  it  to  say,  that,  in  all  cases,  a  great  many  more  seeds  are 
nifitured  than  are  required  for  the  projjagation  of  the  species ; 
and  thus  the  extinctirm  of  the  species  in  consequence  of  their 
decjiy,  and  their  use  for  food  by  animals,  &c. ,  is  provided  against 

Vitality  of  Seeds. — Seeds  vary  very  much  as  to  the  time 
during  wliich  they  will  preserve  their  power  of  germinating.  This 
vitality  is  frequently  lost  long  before  they  lose  their  value  for 
food.  Some  seeds  of  an  oily  or  mucilaginous  nature,  or  which 
contain  nuich  tannic  acid,  speedily  lose  their  vitality,  and  decay ; 
this  is  the  case,  for  instance,  with  Nuts  and  Acorns,  and  hence. 
when  seeds  of  this  nature  are  required  for  propagation,  they  must 
be  sown  immediately  or  within  a  short  time  of  their  aniying  at 
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maturity,  or  special  moans  must  be  adopted  for  their  preserva* 
tion.  Other  seeds,  such  as  tliose  of  a  farinaceous  nature,  as 
Wheat  and  Cereal  grains  genenilly,  or  those  with  hard  and  bony 
integuments,  as  many  of  the  Leguminosie,  fre({uently  retain  their 
vitality  fc>r  years. 

From  the  experiments  of  De  Candolle,  those  of  a  Committee  of 
the  British  Association,  and  of  others,  it  would  appear  generally, 
that  tlie  seeds  of  the  Leguminosae  and  Malvaceus  preserve  their 
vitality  longest,  while  those  of  Comjwsitje,  Cruciferse,  and 
Graminacete  soon  lose  tlieir  germinating  power.  But  some  ex* 
ceptions  to  the  above  statement  occur  in  these  orders. 

Under  particular  circumstances  it  seems  certain  tliat  seeds 
may,  and  have  preserved  their  vitality  for  a  long  ])eriod.  Some 
of  the  cases  brought  forward  as  ill ustiut ions  of  this  capability  of 
seeds  are,  liowever,  not  8upi)orted  by  careful  observations,  as,  for 
instance,  that  of  the  vitality  of  Wheat  taken  from  Egyptian 
mummies.  There  are  no  well-authenticated  instances  of  wheat 
taken  from  mummies  which  liave  been  untampered  with,  germi- 
nating ;  indeed,  all  experiments  (Dietrich,  Lardet,  Haborlandt) 
tend  to  show  that  wheat  loses  its  power  of  germination  in  from 
three  to  seven  years.  But  otlier  well  authenticated  instances  of 
seeds  luiving  jireserved  their  vitality  for  a  lengthened  period  are 
on  record.  Thus,  on  the  authority  of  Dr.  Trimen,  it  was  stated 
in  the  third  edition  of  this  Manual,  that  some  seeds  of  NelnmHum 
in  the  herbarium  (now  in  the  British  Museum)  of  Sir  Hans 
Sloauo,  wlio  died  in  1753,  germinated  in  186G  ;  these  must,  there- 
fore, have  been  considerably  over  a  century  old.  Mr.  Kemp,  in 
the  '  Annals  and  Magazine  of  Natural  History,'  has  likewise 
narrated  a  still  more  remiirkcible  case.  This  gentleman  received 
some  seeds  wliich  were  found  upwards  of  twenty-five  feet  below 
the  surface  of  the  earth,  in  the  lowest  layers  of  a  sand-pit  in 
process  of  excavation.  Upon  being  sown,  about  one-tenth 
germinated  and  produced  plants  of  Polygonum  Convolvid^is, 
Muinex  Acdosella,  and  a  variety  of  Atriplex  patnfa.  All  these 
seeds  arc  of  a  mealy  or  farinaceous  nature.  Mr.  Kemp  con- 
cluded from  various  circumstances,  that  they  were  deposited  at 
a  period  when  the  valley  of  the  Tweed  was  occupied  by  a  lake  ; 
if  this  be  the  case,  they  must  have  retained  their  vitality  during 
many  centuries  at  least,  as  it  is  certain  that  in  the  time  of  the 
Romans  no  lake  existed  there.  It  has  also  long  been  noticed 
that  when  a  new  soil  is  turned  up,  plants  previously  unknown  in 
the  locality  appear,  wliich  is  a  proof  that  the  seeds  of  such  plants 
must  have  lain  domiant  ft)r  frequently  a  very  lengthened  period. 

Freservation  aiid  TratiaportcUion  of  Seeds. — As  many  persons 
frequently  wish  to  send  seeds  to  a  distance,  a  few  words  on  the 
best  means  of  preserving  them  for  that  purpose  cannot  be  but  ac- 
ceptable to  our  readers.  Thus  when  seeds  are  enclosed  in  hard  or 
dry  pericarps,  they  should  be  preserved  and  transported  in  them. 
This  is  the  case  with  those  of  many  Laguminous  and  Coniferoui 
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plants.  When  the  pericarps  are  soft  or  liable  to  decay,  the  seeds 
should  be  removed  from  them.  In  all  cases,  seeds  when  re- 
quired for  preservation  should  be  gathered  when  quite  ripe,  as  at 
tiiat  period  their  proximate  principles  are  in  a  more  stable  con- 
dition than  when  unripe,  when  they  are  very  liable  to  change. 
Seeds  should  be  also  preserved  quite  dry.  Seeds  of  a  farinaceous 
nature,  if  ripe  and  dry,  will  retain  their  vitality  for  a  long 
period,  and  such  nmy  be  readily  transported  to  a  distance.  For 
the  latter  purpose  they  should  be  placed  in  perfectly  dry  papers 
in  a  dry  coarse  bag,  which  sliould  be  afterwards  suspended  from 
a  nail  in  the  cabin  of  a  ship,  in  which  position  they  are  main- 
tained at  a  moderate  temperature  and  exposed  to  free  ventilation. 
Such  seeds  require  no  further  care.  But  seeds  of  an  oily  or 
mucilaginous  nature,  or  that  contain  much  astringent  matter, 
require,  as  a  further  protection,  to  be  excluded  from  the  air.  For 
this  purpose  they  are  best  packed  in  stout  boxes  lined  with  tin, 
and  tilled  with  dry  sand  or  charcoal  powder.  The  sand  or  char- 
coal powder  and  the  seeds  should  be  placed  alternately  in  layers, 
and  the  whole  firmly  pressed  together.  Such  seeds,  however, 
even  when  thus  protected,  frequently  lose  their  vitality.  A 
coating  of  wax  has  in  some  cases  been  found  to  preserve  effec- 
tually the  vitality  of  seeds.  Probably  seeds  which  are  ditticult  of 
preservation  might  be  transported  in  bottles  containing  carbonic 
acid,  and  hermetically  sealed.  Wardian  cases  are  also  an  im- 
portant means  for  transporting  seeds  (see  page  780),  and  should 
be  resorted  to,  when  possible,  in  all  doubtful  cases. 

Germination.  — By  germination  we  mean  that  power  or  act  by 
which  the  latent  vitality  of  the  embryo  is  bix)Ught  into  activity, 
and  it  becomes  an  independent  plant  capable  of  supporting  itself. 
The  germination  of  Acotyledonous  jilants  has  already  been  suf- 
ficiently alluded  to,  when  treatin<r  of  the  Root,  at  page  129,  and 
in  the  sections  devoted  to  the  Reproductive  Organs  of,  and  Re- 
production of  Acotyledonous  Plants.  Our  further  remarks  will 
apply  therefore  solely  to  Cotyledonous  plants. 

Length  of  Time  required  f(yr  Oemihuition. — The  time  required 
for  germination  varies  much  according  to  the  nature  of  the  seeds 
and  the  conditions  under  which  they  are  placed.  Generally 
speaking,  seeds  germinate  most  rapidly  directly  after  being 
gathered.  If  preserved  till  they  are  quite  dry,  the  process  of 
germination  in  some  cases  is  months  in  being  effected,  while  in 
some  seeds  their  capability  of  germination  is  entirely  destroyed. 
The  seeds  of  the  garden  cresses  will  frequently  germinate  in 
twenty-four  hours,  but  the  majority  of  seeds  do  not  germinate 
for  from  six  to  twenty  days,  and  some  require  months  or  even 
years.  Germination  is  generally  prolonged  when  the  embryo  is 
invested  by  hardened  integuments  or  albumen,  and  it  is  usually 
rapid  in  exalbuminous  seeds,  more  especially  if  such  seeds  have 
thin  soft  integuments.  Heat  is  the  agent  which  most  accelerates 
germination. 
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Corulitions  requisite  for  Germination. — A  certain  amount  of 
heat  and  moisture,  and  a  free  communication  with  atmospheric 
air,  are  in  all  cases  necessary  to  the  process  of  germination. 
Electricity  is  also  considered  by  some  observers  to  promote  it, 
but  its  induence  in  the  x>i'ocess  is  by  no  means  proved,  and  if 
exerted  it  is  apjNirently  of  but  little  importance.  Light  has  no 
influence  on  germination  in  most  cases,  according  to  Hoii'mann's 
experiments.  (See  also  2'he  Efftct  of  the  Electnc  Light  on  the 
Growth  of  Plants,  page  828.) 

Moisture  is  retjuired  to  soften  the  parts  of  the  seed  and  to 
take  up  all  soluble  matters  ;  the  cells  of  which  seeds  are  com- 
posed are  in  this  way  enabled  to  expand,  and  the  embryo  to 
burst  tlu:ough  the  integuments,  but  excess  of  water  is  often 
injurious. 

Heat  is  necessary  to  excite  the  dormant  vitality  of  the  embryo, 
but  the  amount  recjuired  varies  very  much  in  different  seeds, 
and  probably  each  species  has  its  own  proper  range  in  this 
respect.  As  a  general  rule  from  50°  to  80°  Fahr.  may  be  re- 
garded as  most  favourable  to  germination  in  temperate  climates, 
but  some  seeds  will  germinate  at  a  temperature  of  35°  Fahr.  ;  and 
those  of  many  tropical  plants  require  a  temperature  of  from 
90°  to  120^  Fahr.,  or  sometimes  higher,  for  genninatiim. 

Airy  or  at  least  oxygen  gas,  is  required  to  combine  with  the 
supertluous  carbon  of  the  seed,  which  is  thus  evolved  as  carb<m 
dioxide,  with  a  sensible  increase  of  temperature,  as  is  well  seen 
in  the  malting  of  Barley.  The  necessity  of  a  proper  sup[)ly  of 
oxygen  is  proved  by  the  fact,  that  seeds  will  not  germinate  when 
biuried  too  deeply  in  the  soil,  or  when  the  soil  is  impervious  to 
air.  This  explains  how  seeds  may  lie  dormant  at  gi*eat  depths 
in  the  soil,  and  only  germinate  when  the  soil  is  brought  to  the 
surface ;  and  hence  we  see  the  necessity  of  admitting  air  to  seeds, 
as  in  the  ordinary  operations  of  agriculture. 

Vroccas  of  Germiiuttion. — When  the  above  requisites  are  sup- 
plied in  proper  proportions  to  suit  the  requirements  of  different 
seeds,  germination  takes  place  ;  but  should  any  be  wanting  or 
in  too  great  amount,  the  process  is  more  or  less  im^H^ded,  or  al- 
together arrested.  The  most  favourable  seasons  for  germination 
are  spring  and  summer ;  and  seeds  spnmt  most  readily  in  loose 
pulverised  and  properly  drained  soil,  at  a  moderate  depth,  for, 
under  such  circumstances,  air,  moisture,  and  warmth  have  free 
access.  Seeds  thus  placed  absorb  moisture,  soften  and  swell, 
and  certain  chemical  changes  go  on  at  the  same  time  in  the  sub- 
stance of  the  albumen,  or,  when  this  is  absent,  in  the  cells  of 
the  cotyledonaiy  portion,  by  which  a  proper  supply  of  nourish- 
ment is  provided  for  the  embryo.  These  chemical  changes 
chiefly  consist  in  the  conversion  of  starch  and  other  analogous 
substances  wliich  are  insoluble  and  therefore  not  in  a  suitable 
state  for  absorption,  into  soluble  matters  such  as  dextrin  and 
grape  sugar.     The  immediate  cause  of  this  transfonnation  of 
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starch  is  due  to  a  nitrogenous  substance  called  by  Payen  ^ast€uef 
which  is  developed,  during  germination,  from  an  alteration  of  a 
portion  of  the  nitrogenous  contents  of  the  seed.  During  these 
chemical  actions  heat  is  evolved,  as  in  the  mcdtiiig  of  Barley, 
and  carbon  dioxide  given  off  from  the  combination  of  the 
superfluous  carbon  in  ttie  starch  and  albuminoids  with  the  oxygen 
of  the  air.  Tiie  nutriment  being  thus  made  available  for  use,  it 
is  absorbed  dissolved  in  water  by  the  embryo,  which  is  in  tiiis 
manner  nciurished,  increases  in  size,  and  ultimately  bursts  through 
the  integuments  of  the  seed.  Its  lower  extremity  or  radicle  (jig. 
14,  r),  or  one  ur  more  braaches  from  it  {Jig.  754,  r),  is  commonly 
protruded  iii-st  from  its  proximity  to  the  micropyle,  which  is  the 
weakest  ^xjiiit  in  the  integuments,  and  by  taking  a  direction 
downwards  becomes  tixed  in  the  soil,  wliilst  soon  after  the  op- 
posite extreaiity  elongates  upwards  (Jig.  14,  t),  and  is  terminated 
above  by  the  plumule  or  gemmule,  which  is  the  first  terminal 
bud  or  growing  apex  of  the  stem.  At  the  same  time  the  cotyle- 
donary  portion  is  either  left  under  ground  or  is  carried  upwards 
to  the  surface.  The  embryo  during  this  development  continues 
to  be  nourished  from  the  matters  contained  either  in  the  albu- 
men or  cotyledonary  portion,  and  ultimately  by  continuing  to 
absorb  nutriment  it  is  enabled  to  develope  its  first  leaves  (pn- 
mordial)  (rig.  10,  d,  c/),  and  root  r.  The  young  plant  is  now 
placed  in  a  position  to  acquire  the  necessary  nourisfiment  for  its 
further  support  and  growtli  from  the  media  by  wliich  it  is  sur- 
rounded, and  is  thereby  rendered  independent  of  the  other  parts 
of  the  seed  ;  the  cotyledonary  portion  accordingly  perishes,  and 
the  act  of  germination  is  com])lete. 

Jjlrection  of  Plumule  and  Radlch. — The  cause  which  leads  to 
the  development  of  the  axis  of  the  embryo  in  two  opposite  di- 
rections lias  not  yet  been  satisfactorily  demonstrated,  although 
much  liJis  been  written  on  the  subject.  By  some  it  has  been 
referred  to  the  action  of  darkness  and  moistui"e  on  the  root,  and 
that  of  liglit  and  dryness  on  the  stem.  By  others  it  has  been 
attributed  to  gravitation  and  the  state  of  the  tissues ;  and  others, 
again,  have  regarded  osmotic  action  as  the  cause.  All  these  ex- 
planations are  unsatisfactory,  and  need  not  be  further  alluded  to. 
Darkness  has  been  shown  to  have  no  infiuence  on  the  direction 
of  the  root,  which  is  probably  determined  by  the  greater  amount 
of  moisture  usually  met  with  in  the  soil,  and  gravitation  or  geo- 
tropisui  (see  pa^e  832).  In  Trapa  nataiui  tliQ  radicle  is  directed 
upwards  towards  the  surface  of  the  water  in  which  the  plant 
grows. 

Differc-ncp^  between  tlie  Germiiiation  of  Dicotyle4onous  and 
Moiiocotyledanmis  ISeeds. — Tliere  are  certain  ditiferences  between 
the  germination  of  Monocotyledonous  and  Dicotyledonous  em- 
bryos, which  have  already  been  alluded  to  briefly  (see  page  128), 
but  which  require  some  further  notice. 

1.  MotbocotyledoTWiis  Germination, — The  seeds  of  Monocotjle- 
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donous  plants,  in  by  far  the  majority  of  instances,  contain 
albumen.  This,  as  the  embryo  dovelopes,  is  usually  entirely 
absorbed  ;  but  in  the  seed  of  Phytelephas  the  contents  of  the 
constituent  cells  are  removed,  and  the  walls  left  as  a  kind  of 
skeleton. 

Tlie  single  cotyledon  of  Monocotyledonrius  seeds,  when  they 
contain  albumen,  always  remains  entirely  (Jiy.  754,  r),  or  partially 
within  the  integuments,  during  germination.  In  the  latter  case, 
the  intra-seminal  portion  of  the  cotyledon  corresjKinds  to  the  limb 
of  the  cotyledonary  leaf,  and  the  portion  which  elongates  beyond 
the  integuments  (extni-seminal)  represents  the  petiolar  i)ortion. 
The  latter  part  varies  much  in  length,  and  is  commonly  ter- 
minated by  a  sheath,  which  encloses  the  youni^  axis  with  the 
plumule.  In  the  Palms  tlii.s  i)etiolar  porticm  is  often  several 
inches  in  length.  At  other  times,  there  is  no  evident  petiolar 
pait,  but  the  sheathing  (>orti(m  enveloping  the  axis  remains 
sessile  on  the  outside  of  the  seed,  and  ehmgates  in  a  tangential 
direction  to  it,  Jia  in  the  Oat  (fy.  754),  where  the  cotyledon,  c, 
remains  within  the  seed,  and  the  plumule,  j/,  rises  upwards  from 
its  axil  into  the  air. 

In  some  few  Monocotyled(>n<ms  Orders,  such  jis  Naiadacero, 
Alismacea;,  <fcc.,  where  the  seeds  Jire  exalbuminoua,  the  cotyle- 
don is  commonly  freed  from  the  integuments,  juid  raised  up- 
wards with  the  plunude. 

As  already  noticed  (page  129),  in  the  germination  of  Mono- 
cotylcdonous  embryos,  e.g.  the  Gnisses,  the  radicle  is  not  itself 
Cf)ntinued  downwards  so  as  to  ft)nn  the  root,  but  it  gives  off  one 
or  more  branches  of  nearly  ecjual  size,  which  seiwirately  i)ierce  its 
extremity,  and  bcniome  the  rootlets  (Jiy.  240,  r).  Each  of  these 
rootlets,  at  the  point  where  it  pierces  the  radicular  extremity, 
is  surrounded  by  a  cellular  sheath  termed  the  riH)t-sheafh  or 
athorhiza  {jiy.  246,  co).  This  mode  of  gennination  is  conunonly 
termed  eiidorhizdl ;  but  it  Is  by  no  means  universal  in  the  class. 

2.  DU'otyledonouif  Gennhiation. — The  seeds  of  Dicotyledonous 
plants  are  either  albuminous  or  exalbuminous,  and  their  ger- 
mination in  such  respects,  as  a  general  rule,  presents  no  pecu- 
liarity worth  notice.  The  two  cotyledons  either  remain  within 
the  integuments  of  the  seed  in  the  form  of  fleshy  lobes,  as  in  the 
Horse-chestnut  and  Oak,  in  which  case  they  are  said  to  be  hypo- 
geal  (from  two  Greek  words  signifying  under  the  earth) ;  or,  as 
is  more  commonly  the  case,  they  burst  through  the  coats,  and 
rise  out  of  the  gi'ound  in  the  form  of  green  leaves  (Jiy.  16,  c,  c), 
in  which  case  they  ai*e  epiyeal  (from  two  Greek  words  signifying 
upon  or  above  the  earth).  In  the  course  of  development  the 
cotyledons  commonly  separate,  and  the  plumule  comes  out 
from  between  them  (Jiy.  14,  n).  In  those  cases  where  they 
remain  within  the  integuments,  they  sometimes  beccmie  more 
or  less  united,  so  that  the  embryo  resembles  that  of  a 
Monocotyledon  ;  but  a  Dicotyledonous  embryo  may  be  always 
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distinguished  from  a  Monocotyledonous  one  by  its  plumule 
coming  out  from  between  the  bases  of  the  cotyledons,  and  not 
passing  through  a  sheath. 

The  radicle  of  a  Dicotyledonous  embryo  (see  page  120)  is  it- 
self prolonged  downwards  by  cell-multiplication  just  within  its 
apex  {fig.  243,  a),  to  form  the  root.  An  embryo  which  germinates 
in  this  way  is  tenuetl  exorhizal. 

As  a  general  rule,  seeds  do  not  germinate  until  they  are 
separated  from  their  parents  ;  but  in  some  cases,  and  more 
especially  when  invested  by  pulp,  as  in  the  Gourds,  Melon, 
Cucumber,  Papaw,  &c.,  they  do  so  before  they  are  detached.  In 
the  above  plants  sucli  a  mode  of  germination  is  altogether 
exceptional ;  but  in  the  plants  of  the  natural  order  Rhizopho> 
raceaB,  as  the  Mangrove  (fi<j,  250),  the  seeds  commonly  germi- 
nate in  the  pericarp  before  being  separated  from  the  tree,  in 
which  case  the  radicle  is  protrudeil  through  the  integuments  of 
the  seed  and  pericarp,  and  becomes  suspended  in  the  air,  where 
it  elongates. 


CHAPTER   2. 


GENERAL   PHYSIOLOGY,    OR   LIFE   OF  THE   WHOLE    PLANT. 

Having  now  examined  the  special  functions  of  the  differem 
organs  of  the  plant,  we  proceed  to  give  a  sketch  of  general 
physiology,  or  the  wliole  plant  in  a  state  of  life  or  action.  In 
doing  so,  we  shall  first  notice  the  substances  nxjuired  as  foud 
by  plants  ;  tlien  proceed  to  c<msider  the  function  of  abitf/rpiion, 
or  that  process  by  which  food  is  tjiken  up  dissolved  in  water ; 
and  lastly,  show  how  this  fluid  food  is  distributed  through  the 
plant,  and  altered  in  the  leaves,  so  as  to  be  a<la]tted  for  the 
development  of  new  tissues  and  the  formation  of  secretions. 

Section  1.    Food  of  Plants  and  its  Sources. 

The  various  substances  required  as  food  can  be  only  ascer- 
tained by  determining  the  elementary  composition  of  the  parts 
and  products  of  plants  ;  for  as  ])lants  have  no  power  of  forming 
tliese  elements  for  tliemselves,  they  nmst  have  derived  them  fnuu 
external  sources. 

As  pliuits  are  commonly  destitute  of  locomoticm,  being  fixed 
to  the  soil  or  to  the  substance  upon  which  they  grow,  or  floating 
in  water,  they  must  obtain  their  food  from  the  media  by  which 
they  are  surrounded,  that  is,  from  the  soil,  or  from  the  air,  or 
from  both.  In  by  far  the  majority  of  cases  plants  take  up 
their  food,  both  from  the  air  by  their  leaves  in  a  gaseous  or 
vaporous  state,  and  from  the  earth  dissolved  in  water.     No 
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plants  have  the  power  of  taking  up  nutriment  except  in  the  state 
of  gas  or  vaiMtiir,  or  in  a  fluid  state.  Tliose  plants  which  are 
tenned  Epiphytes  or  Air  Plants,  as  Orchids  (,%.  261),  derive 
their  foo(l  almost  entirely  from  the  air  by  whicli  they  are  sur- 
rounded (see  page  125) ;  while  Parasites  (Jigs.  252  and  253)  and 
Saprophytes  essentially  differ  from  both  Epiphytes  and  ordinary 
plants  in  the  fact  that  their  food,  instead  of  being  derived 
entirely  frcmi  inorganic  materials,  which  are  afterwards  assimi- 
lated in  their  tissues,  is  obtained  entu-ely  or  partially  from  the 
plants  upon  which  they  gi'ow,  that  is,  in  an  alrea<ly  assimilated  con- 
dition, or  from  organic  matter  in  a  state  of  decay  (see  page  127). 

The  materials  of  which  plants  are  composed,  and  wliich,  as 
stated  above,  are  either  derived  from  the  air,  or  the  earth,  or 
more  commonly  from  both,  and  which  consequently  constitute 
their  food,  are  of  two  kinds,  called  respectively  the  organic 
and  the  iiuyrgaiiic.  Tlie  i)rocess  of  burning  enables  us  conveni- 
ently to  distinguish,  to  a  great  extent  at  least,  the  comparative 
proportion  of  these,  and  acquaints  us  with  one  of  their  distinc- 
tive peculiarities.  Thus,  if  we  take  a  piece  of  wood,  or  a  leaf,  or 
any  other  pail  of  a  plant,  and  bum  it  as  perfectly  as  we  are  able, 
we  find  tliat  the  greater  poi-tion  disa[>peai*s  in  the  fonn  of  gas 
and  vapour,  but  a  small  jMjrtion  of  the  original  substance  re- 
mains in  the  fonn  of  ash  or  incombustible  material.  The  former 
or  combustible  portion  is  made  up  of  what  are  termed  the 
(organic  or  volatUc  constitueiittt,  and  the  latter  portion  of  the  iu' 
orga  nic  or  earthy  constituents.  The  term  organic  is  applied  because 
such  materials  especially  constitute  the  real  fabric  of  the  plant, 
and  are  more  essentially  concerned  in  the  formation  of  its  i)roper 
products  and  secretions. '  The  relative  proportit»n  of  the  organic 
and  inorganic  constituents  varies  in  different  plants ;  but,  as  a 
general  rule,  the  former  constitute  from  92  to  99  parts,  while 
the  latter  form  from  1  to  about  8  parts  in  ever>'  100. 

1.  The  Organic  or  VoUdile  Constit'^ients  and  their  Sources. — 
The  organic  constituents  of  plants  are,  Carbcm,  (Ixygen,  Hydro- 
gen, and  Nitrogen.  The  first  tlu*ee  alone  fonn  the  cellulose  of 
which  the  cell-walls  are  com|K)sed  (see  page  22),  and  are  therefore 
to  be  considered  as  constituting  by  themselves  the  proper  fabric 
of  the  plant ;  while  the  protoplasmic  contents  of  the  cell  are 
formed  of  compounds  of  these  three  elements,  with  the  fourth 
organic  constituent — nitrogen.  It  would  appear  also,  that  two 
other  elements,  namely,  Sulphur  and  Phosphorus,  are  necessary 
constituents  of  these  nitrogenous  cell-contents. 

These  organic  constituents  are  required  alike  by  every  species 
of  plant,  hence  the  great  bulk  of  all  plants  is  composed  of  the 
same  elements,  although  the  proportion  of  these  varies  to  some 
extent  in  the  different  species,  and  even  in  different  parts  of  the 
same  plant.  The  following  table,  by  Johnston,  indicates  ap- 
proximately the  relative  proportion  of  the  organic  and  inorganic 
constituents  of  some  of  oui*  vegetable  food,  substances  in  1,000 
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parts,  and  of  the  different  elements  of  which  the  former  are 
composed.  These  substances  were  first  dried  at  a  temperature 
of  230°  Fahr. :— 


Whmt. 

Oat". 

Peas. 

Hay. 

Turnips.  Potatoes. 

Carbon  .     . 

.     .    455 

507 

4t>5 

458 

429        441 

Hydrojien  . 

.    .      57 

64 

61 

50 

56          58 

Oxyjjen 

.   .  4ao 

867 

401 

887 

422         439 

Nitrogen    . 

.   .    as 

22 

42 

15 

17           12 

Ash  .     .     . 

.     .      23 

40 

81 

90 

76          50 

We  must  now  make  a  few  remarks  on  each  of  the  oi^ganic 
constituents,  the  sources  from  which  they  are  derived,  and  the 
state  in  which  they  are  taken  up  by  plants. 

Carboii  is  the  element  which  forms  the  largest  proportion  of  all 
plants  ;  its  amount  varies  in  different  species  from  40  to  60  per 
cent.  That  plants  thus  contain  a  large  proportion  of  carbcA 
may  be  conveniently  proved  by  taking  a  piece  of  wood,  the  weight 
of  which  has  been  ascertained,  and  converting  it  into  charcoal, 
which  is  impure  carbon  containing  in  its  substance  also  a  small 
quantity  of  the  inorganic  constituents  or  ash.  The  charcoal 
thus  produced  is  of  the  same  form  as  the  piece  of  wood  frum 
which  it  was  obtained,  and  when  weighed  it  will  be  found  to 
have  constituted  a  large  proportion  of  its  original  substance. 
As  carbon  is  a  solid  substance  and  insoluble  in  water,  it  cannot 
be  taken  up  in  its  simple  state,  for  plants,  as  already  noticed, 
can  only  take  up  their  food  as  gas  or  vapour,  or  dissolved  in 
water.  In  the  state  of  combination,  however,  with  oxygen,  it 
forms  carbon  dioxide  which  is  always  present  in  the  atmosphere 
and  the  soil.  Carbon  dioxide  is  also  soluble  to  some  extent  in 
water.  Hence  we  have  no  difficulty  in  ascertaining  the  source  of 
carbon  and  the  condition  and  modes  in  which  it  is  absorbed  by 
the  plant  ;  thus  it  is  taken  up  essentially  combined  with  oxygen 
in  the  form  of  carbon  dioxide,  from  the  air  directly  in  a  graseoui 
state  by  the  leaves,  and  in  far  less  quantity  from  the  earth,  dis- 
solved in  water,  by  the  roots.  Sachs,  however,  states  :  '  The 
fact  is  unquestionable  that  most  plants  which  contain  chlorophyll 
obtain  the  entire  quantity  of  their  carbon  by  the  decomposition 
of  atmospheric  carbon  dioxide,  and  require  for  their  nutrition 
no  other  compound  of  carbon  from  without.  But  there  are  also 
plants  which  possess  no  chlorophyll,  and  in  which,  tlierefore,  the 
means  of  decomposing  carbon-dioxide  is  wanting  ;  tliese  must 
absorb  the  carbon  necessary  for  their  constitution  in  the  form  of 
other  compounds.  .  .  .  Even  the  food  of  Fungi  which  are 
parasitic  in  and  on  animals  is  derived  from  the  products  of 
assimilation  of  plants  containing  chlorophyll,  inasmuch  as  the 
whole  animal  kingdom  is  dependent  on  them  for  its  nutrition/ 

Oxygeti  is,  next  to  carbon,  the  most  abundant  oz^ganic  con- 
stituent of  plants  ;  and  when  we  consider  to  what  an  enormous 
extent  it  exists  in  nature,  constituting  as  it  does  about  21  per 
cent,  by  volimie  of  the  atmosphere  we  breathe,  eight-ninths  by 
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only  food  in  itself,  as  it  is  composed  of  oxygen  and  hydrogen, 
two  of  the  essential  organic  constituents  of  plants,  but  it  is  abo 
an  imx>ortant  vehicle  by  which  other  food  is  conveyed  to  them. 

2.  The  Inorganic  ConditnenU  or  Ash,  atid  their  Sources. — ^The 
amount  of  inorganic  uiatter  found  in  plants,  as  already  observed 
(page  813),  is  very  much  less  than  that  of  the  organic.  The  inor- 
ganic matters  are  all  derived  from  the  earth  in  a  state  of  solutioD 
in  water  which  contains  carbon  dioxide,  and  hence  we  see  again 
how  important  a  proper  supply  of  water  is  to  plants.  While  the 
organic  constituents  are  the  same  for  all  plants,  the  inorganic  con- 
stituents vary  very  much  in  the  diflferent  species  of  plants  The 
inorganic  constituents  differ  from  the  organic  also,  in  the  follow- 
ing pai-ticuLai-s : — Ist,  they  are  incombustible,  and  hence  remain 
as  ash,  when  the  organic  constituents  are  dissipated  by  burning; 
and,  2nd,  tliey  are  not  liable  to  putrefaction,  as  is  the  case  with 
them,  under  the  influence  of  wannth  and  moisture. 

The  inoi-ganic  constituents  of  plants  are  as  follows  : — Chlorine, 
Bromine,  Iodine,  Fluorine,  Silicon,  Potassium,  Sodium,  Calcium, 
Strontium,  Magnesium,  Aluminium,  Manganesium,  Iron,  Zinc, 
Titanium,  Lithium,  Caesium,  Rubidium,  Arsenic,  Copper,  Lead, 
Cobalt,  Nickel,  and  Barium.  Some  of  these  appear  to  be  al- 
most universally  distributed  in  varying  proportions,  but  others 
are  only  occasitmally  met  with,  lliese  various  inon^nic  con- 
stituents arc  not  taken  up  in  their  simple  states,  but  as  soluble 
oxides,  clilorides,  bromides,  fluorides,  sidphates,  phosphates, 
silicates,  <.^'C. 

Although  the  amount  of  inorganic  matter  in  plants  is  very 
much  smaller  than  that  of  org.anic,  still  this  portion,  however 
small,  is  necessary  to  the  life  and  vigorous  development  of  most 
I>lants,  and  ])ri>bably  of  all ;  although  in  certain  Moulds  no 
inorganic  constituents  have  been  detected. 

The  inorganic  constituents  of  plants  are  of  great  importance  in 
an  agi'icultui-al  point  of  view,  as  it  is  to  their  presence  or  absence, 
their  relative  quantities,  and  the  solubility  or  insolubility  of 
their  compounds,  in  a  particular  soil,  that  it  owes  its  fertility  or 
otherwise,  and  its  adaptibility  of  growing  with  success  one  or 
another  kind  of  plant. 

Rotation  of  Crops. — Tlie  principle  of  the  rotation  of  crops  in 
agriculture  is  founded  upon  the  fact  of  different  plants  requiring 
different  inorganic  compounds  for  their  growth  ;  and  hence  a 
particuhir  soil  which  is  rich  in  materials  necessary  for  some 
plants,  may  be  wanting  or  deficient  in  those  required  by  others. 
(See  also  Excretion  by  Roots^  page  767.)  Thus,  Wheat  or  any 
cereal  crop  requires  more  especially  for  its  proper  growth  a  fuU 
supply  of  silica  and  phosphates  ;  hence  it  will  only  flourish  in  a 
soil  coiitiiining  the  necessary  amount  of  such  substances.  As 
growth  proceeds,  these  constituents  are  absorbed  in  a  state  of 
solution  by  the  roots,  and  are  appUed  to  the  requirements  of  the 
plants.     When  the  grain  is  ripe,  it  is  removed  as  well  as  the 
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straw,  and  the  silica  and  phoaph&teH  obtained  from  the  soil  will 
thus  be  hIbo  removed  with  them  ;  tlie  result  of  this  is  necessarily, 
except  in  fertile  viwu  soil,  that  these  ingredients  will  not  be 
then  contained  in  the  soil  in  aufficient  quantities  to  support 
immediately  the  growth  of  the  same  species  of  plante.  But  by 
growing  in  a  soil  tl)us  exhausted  by  Wheat,  another  crop  of  a 
different  kind,  such  as  Clover,  Peas,  or  Beans,  which  requires 
either  altogether  different  substances,  or  a  different  amount,  or 
other  combinations  of  the  same  sulstances,  we  may  obtain  a 
prolitable  crop  ;  while  at  the  same  time  certain  chemical  changes 
will  go  on  in  the  soil,  and  other  ingredients  be  taken  up  from 
the  atmosphere,  and  in  other  ways,  by  which  the  land  will  be 
again  adapted  for  the  growth  of  Wheat. 

The  consideration  of  the  above  facts  shows  how  important  it 
is  for  the  agriculturist  to  liave  some  acquaintance  with  vegetable 
ph}'sioli>gy  and  chemistry.  He  should  know  the  composition  of 
the  various  soils,  and  the  [itants  which  he  cultivates,  as  well  as 
the  nature  of  the  cnmt>ounds  required  by  them,  and  the  modes 
in  which  they  are  la>-eii  up,  and  thus  be  able  to  adapt  particu- 
lar plants  to  the  soils  projier  for  them.  If  such  soils  do  not 
contain  the  substances  necessary  for  their  life  and  vigour,  he 
must  supply  them  in  the  form  of  manures.  The  applications  of 
chemistry  and  vegetable  physiology  to  agriculture  are  thus  seen 
to  be  most  important,  and  the  great  practical  improvements 
which  have  of  late  years  taken  place  are  mainly  due  to  the  in- 
crenaeil  interest  taken  in  such  matters,  and  the  many  admirable 
researches  tu  which  it  has  led.  But  however  interesting  in  an 
agricultural  point  of  view  this  connection  may  be,  our  necessary 
limits  will  not  allow  us  to  dwell  upon  it  further. 


Section  2.     Lira  < 


The  various  substances  required  by  plants  as  food  having  now 
been  considered,  we  have  in  the  next  place  briefly  to  show  how 
that  food  is  taken  up  by  them,  distributed  through  their  tissues, 
and  altered  and  a^pted  for  their  requirements.  The  consi- 
deration of  these  matters  involves  a  notice  of  the  functions  of 
vegetation  ;  these  are  commonly  known  nnder  the  names  of 
AW>rption,  Circulation,  Respiration,  Assimilation,  Develop- 
ment, and  Secreticm. 

The  more  important  facts  connected  with  these  functions  have, 
however,  already  been  referred  to  in  treating  of  the  Special 
Physiology  of  the  Elementary  Tissues,  and  of  the  Root,  Stem,  and 
Leaves  ;  so  that  it  now  only  remains  for  us  in  this  place  to givea 
general  recapitulation  of  the  functions  of  the  plant,  and  to  consider 
them  as  working  bwether  for  the  common  benefit  of  the  whole 
organism.     It  will  be  convenient  to  treat  of  these  under  thetwo 


818  LIFE   OF   THE   WHOLE  PLANT.      ABSOBPTION. 

heads  of,  1.  Absorption,  and  2.  Distribution  of  Fluid  Matters 
through  the  Plant,  and  their  Alteration  in  the  Leaves. 

1.  Ahsorpium. — The  root,  as  already  noticed,  is  the  main 
organ  by  which  food  is  taken  up  in  a  state  of  solution,  for  the 
uses  of  the  plant.  No  matter  can  be  absorbed  in  an  undissolved 
condition  ;  and  this  absorptive  power  is  owing  to  the  superior 
density  of  the  contents  of  the  cells  of  the  younj?  extremities  of 
the  roots  over  the  fluid  matters  surrounding  them  in  the  soil 
leading  to  the  production  of  endosmotic  action  through  the  cell- 
walls  (see  page  757  and^^.  1126). 

That  the  roots  do  thus  absorb  fluid  matters  may  be  proved 
by  a  very  simple  experiment.  Thus,  if  we  take  two  glasses  of 
the  same  capacity,  and  \io\iT  water  into  them  until  it  is  at  the 
same  level  in  each,  and  then  put  the  roots  of  a  vigorous  growing 
plant  in  the  one,  and  expose  both  in  other  respects  to  the  sanie 
influences  of  light,  heat,  and  air,  it  will  be  noticeti  that  the 
water  will  gradually  disappear  from  the  glasses,  but  from  that 
in  which  the  roots  are  placed  far  more  rapidly  than  fi*om  the 
other  without  them,  and  the  more  rapid  removal  in  the  former 
case  must  therefore  be  owing  to  its  absorption  by  the  roots.  In 
this  way  we  can  also  estimate,  in  some  degree  at  least,  the  amount 
absorbed,  which  will  be  found  to  be  very  considerable ;  couunonly, 
in  a  few  days,  far  exceeding  in  weight  that  of  the  plants  which 
are  experimented  upon.  This  imbibition  of  liquid  by  the  roots  is 
independent  of  leaf -action,  for,  if  the  rootlets  be  healthy  and  the 
tissues  above  them  filled  with  fluid,  it  will  always  occur  ;  and 
the  great  force  oi  the  action  in  stumps  cut  off  a  little  above  the 
ground  is  well  seen  in  such  experiments  as  those  of  Hales  (see 
page  821)  and  Hofmeister.  But  nevertheless,  the  amount  of 
fluid  absorbed  by  the  roots  is  directly  dependent  upon  the  ac- 
tivity with  which  the  other  processes  of  vegetation  are  carrit?d 
on,  and  more  especially  by  the  quantity  of  fluid  matters  trans- 
spired  by  the  leaves  ;  indeed,  absorption  is  directly  proportioned 
to  transpiration  in  a  healthy  plant,  for  as  fluid  is  given  ott*  by  the 
leaves,  it  is  absorbed  by  the  roots  to  make  up  for  the  deficiency 
thus  produced,  and  therefore  all  stimulants  to  transpiration 
are  at  the  same  time  exciters  of  absorption.  When  al>8orption 
and  transpiration  differ  greatly  in  amoimt,  the  plants  in  which 
such  a  want  of  correspondence  takes  place  become  unhealthy; 
thus  when  transpiration  is  checked  from  deficiency  of  light,  as 
when  plants  are  gi'own  in  dark  places,  the  fluids  in  them  become 
excessive  in  amount  ;  whilst  if  the  atmosphere  be  too  dry,  as  is 
the  case  when  plants  are  grown  in  the  sitting-rooms  of  our 
dwelling-houses,  transpiration  is  greater  than  absorption,  and 
hence  they  rerjuire  to  be  frequently  supplied  with  water. 

The  mutual  dependence  of  absorption  upon  transpiration 
should  also  be  borne  in  mind  in  the  process  of  transplanting 
trees.  Trans})iration  is  greatest  at  those  seasons  of  the  year 
when  plants  are  most  abundantly  covered  with  leaves,  and  when 
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solar  light  is  most  intense  ;  we  ought  not  therefore  to  transplant 
at  such  periods,  because,  as  it  is  almost  impossible  to  do  so  with- 
out some  injury  to  the  extremities  of  the  roots,  the  amount  of 
fluid  absorbed  may  be  insuflicient  to  compenstvte  for  the  loss  by 
transpiration,  and  hence  the  plants  will  languish,  or  die,  accord- 
ing to  circumstances.  By  transplanting  in  autunm  or  spring, 
we  do  not  expose  the  plants  to  such  unfavourable  conditions,  as 
the  light  is  then  less  intense,  and  there  are  no  leaves  from  which 
transpiration  essentially  takes  place.  (For  further  i>articular8  on 
Absorj)tion,  see  Ab.wrpiion  by  tfie  Root^  page  705.) 

2.  IHstrihiiUon  of  Fluid  Matters  through  the  Flaiitj  and  th^Ar 
Alteration  in  the  Leaves. — The  fluid  matter  thus  absorbed  by  the 
roots  (the  sap^  as  it  is  called)  is  carried 
upwards  by  their  tissues  (Jig.  1150) 
to  the  stem,  and  through  its  young 
porticms  to  the  leaves,  «&c.  (as  indi- 
cated by  the  arrows  in  the  figure), 
to  be  aerated  and  elaborated.  After 
this  it  is  returned  to  the  stem,  and 
descends  probably  by  the  inner  bark 
and  cambium  layer  of  Dicotyledons  to- 
wards the  roots  from  which  it  started 
(page  824)  ;  and  by  means  of  the  me- 
dullary rays  and  the  general  penuea- 
bility  of  the  tissues  of  which  plants 
are  composed,  it  is  distributed  to  their 
different  parts  where  new  tissues  are 
being  formed,  and  where  secretions 
are  to  be  deposited.  This  general 
distribution  of  the  fluid  matters 
through  the  plant  is  commonly  termed 
the  circulation  of  the  sap.  The  fluid 
as  it  ascends  is  called  the  Asc^ndirufj 
Watery^  or  Crud^  Sap,  and  as  it  de- 
scends, the  Descending  or  Elab</rated 
Sap.  Although  the  term  Circulation 
is  thus  commonly  applied  to  this 
movement  of  the  sap,  it  must  be  borne 
in  mind,  that  the  process  bears  no  analogy  to  the  circulation  of 
the  blood  in  animals;  for  plants  have  no  heart  or  any  organ  of  an 
analogous  nature  to  propel  their  fluid  matters,  nor  any  system  of 
vessels  in  which  a  flow  thus  produced  takes  place.  As  Professor 
Johnson  has  well  put  it,  *  nutrient  substances  in  the  plant  are 
not  absolutely  confined  to  any  path,  and  may  move  in  any 
direction.  The  fact  that  they  chiefly  follow  certain  channels, 
and  move  in  this  or  that  direction,  is  plainly  dependent  upon  the 
structure  and  arrangement  of  the  tissues,  on  the  sources  of 
nutriment,  and  on  the  seat  of  growth  or  other  action.' 

Ascent  of  Hie  Sap, — The  sap  in   its  ascent  to  the  leaves 
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Fig.  1150.  Diagrammatic  Bcction 
of  tlu*  «ton»  of  a  DieotykKloii 
showing  the  distribntion  or  cir- 
culation of  the  8Hp.  The  direc- 
tion is  indicated  by  the  arrows'. 
«.  *i.  Roots,  by  which  the  fluid 
matters  are  ab«»orl)ed  6,  6.  Thet 
tiwucH  by  which  they  ascend  to 
the  lcavo4.  c.  r.  d.  d.  Outer  por- 
tions of  stem  and  bark  where 
the  descent  takes  place,  e. 
Vertical  section  of  a  branch. 
(After  Balfour.) 
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j-iM-T  |»riiicip«nT  thrrmgh  the  took  vccd-ee&  and 
<I«^e  >X>>.  uid  theref'jre  in  Diccxxfedoeft.  viicii  dbcj 
ukT  a^e.  throogh  the  colter  {crtko  oif  the  vor.4  or  the  " 
In'socL  placu.  alio,  ve  hare  bot  one  main  fltrcmm  of 
1^.  In  th<r  iteffift  <4  M':4iocc4Tledc4is  and  4f  Coffm^fJiTtea  die 
ascent  alt^*  takes  p4ace  thz«>iizh  the  nnzncrafScd  ecfla  cf  the  filito- 
Taacular  l^ondles  :  and  hence  in  mch  pianta.  and  ■»»«  capeaaDj 
in  3I<A0C'  <j\td*ju*.  ve  Lave  a  niunV«r  <4  m>:  re  cr  !eaa  disnnct  at- 
cending  streams.  In  the  l<.*ver  Aoc-tT«ed<*ciw  a»  the  ThaliophrtA. 
vhich  bare  n*j  sterna,  there  is  no  negular  (SAmK  of  the  sap,  bot 
the  fluids  niaT  be  noticed  flt^wing  in  all  directii:«iis  thnn^  their 
cells,  and  to  be  muie  eapeciallT  erident  in  th^^«e  parts  which 
are  of  a  lax  nature. 

The  ravM  of  the  aacent  of  the  sap  is.  as  Herbert  Spetwa-  has 
veil  expressed  it.  a  disturbance  of  equilibrium  creating  a  demand 
for  liquid.  This  is  (w^^uced  mainly  br  the  erapcratioii  m*  tzan- 
spirati^m  gr^ing  on  in  the  leares,  but  also  br  abatraetion  <d  the 
sap  by  the  grrtving  tissues  and  by  extravasation  feom  the  resaeb 
by  pressure.  The  circulation  is  helped  by  ccmc4ic  and  cai^iDarT 
action,  and  alsr>,  when  it  <ccnn.  by  any  swaying  mociiitn  ol  the 
l^ranches  causing  intermittent  pressure  on  the  veaaels.  In  the 
winter  no  transpiration  takes  place,  and  the  wtmyd  c*f  the  stem 
and  T^ff'XE  is  filled  with  watery  maners  holding  starch  and  other 
ins^iluble  substances  in  ftus}iensi«>n.  The  fluids  c*f  the  plant  aiv 
therefore  in  a  nearly  Cjuiescent  state,  a^  there  are  no  changes 
then  taking  place  t**  pnjdiice  their  distribution.  When  the 
increased  heat  aiid  light  of  spring  commence,  the  insoluble 
starch,  kc.  bec^>me  c«>n verted  into  soluble  dextrin  and  sugar, 
devel<>pment  and  transpiration  immediately  fallow,  and  a  Ciin.«e- 
quent  ascent  of  the  sap.  This  flow  continues  throughout  the 
summer  months,  when  the  causes  favourable  to  it  are  in  full 
activity  :  but  tr>wards  the  autumn,  as  heat  and  light  diminish 
again,  the  force  of  the  aj«cent  also  diminishes,  and  the  flow  of 
sap  is  again  suspended  in  the  winter  months  from  the  reasons 
aliove  alluded  Uy. 

The  force  with  which  the  sap  ascends  is  probably  greatest  in 
the  summer  months,  when  heat  and  light  are  most  intense,  and 
when  vegetatifm  is  c^nisequently  most  active  ;  and  least  in  the 
winter.  At  first  sight  it  would  appear,  that  the  moat  rapid  flow 
of  the  sap  was  in  the  sjiring  months,  at  which  period  alone  plants 
will  give  ofi*  much  fluid,  or  bleed  as  it  is  conmionly  termed,  when 
their  stems  are  wounded.  But  this  bleeding  arises  from  the 
vessels  as  well  as  the  prosenchymatous  cells  being  then  filled  with 
sap,  »tj  that  the  whole  plant  is,  as  it  were,  gorged  with  it  :  much 
of  the  sap  which  at  that  period  flows  is  indeed  little  more  than 
water  rapidly  pumped  up  from  the  soil  to  supply  the  drain  <^ 
fluid.  But  as  s<ion  as  the  leaves  are  in  full  activity,  or  the 
flr»wers,  if  they  be  developed  before  the  leaves,  the  sap  beoivmes 
rapidly  absorbed,  and  the  current  is  soon  confined  to  its  propa* 
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channels,  and  the  stems  no  longer  bleed.  (See  Ftnictions  of 
J^oseachynuitoiu  CdU  aitd  Vessels,  page  700.)  It  l)y  no  means 
follows,  therefore,  that  when  the  jilant  is  most  gorged  with  fluid 
matters,  and  bleeds,  the  force  of  the  circulation  is  most  active  ; 
but  rather  that  it  is  greatest  when  the  stem  is  least  gorged  with 
sap,  as  in  the  summer  mouths,  when  vegetaticm  is  in  full  vigour, 
and  the  sap  consumed  as  fast  as  it  can  be  transferred  upwards 
through  tlie  stem. 

In  a  healthy  plant  in  a  perfectly  normal 
state,  the  amount  of  fluid  absorbed  by  the 
routs,  the  force  with  which  it  ascends  to 
the  stem,  and  the  amount  transpired  by 
the  leaves,  are  directly  jiroportionate  to 
one  another. 

The  force  of  the  ascent  of  the  sap  was 
measured  by  Hales  in  the  stem  of  the  Vine 
by  the  apparatus  representeil  in^.  J 161, 
where  a  represents  a  vine  stock,  to  the 
transverse  section  of  which  is  attached  a 
bent  glass  tube,  d  efg,  by  means  of  a  copper 
cap,  6,  a  piece  of  bladder,  and  a  lute,  c. 
The  bent  tulie  being  tilled  with  mercury  to 
the  level,  e  /,  at  the  conunencement  of 
the  experiment,  the  force  of  the  sap  was 
readily  calculat<;d  by  the  fall  of  the  mercury 
in  one  leg  of  the  tube  (leg,  and  its  corre- 
B]>onding  rise  above  /  in  the  other  leg.  In 
this  way  he  found,  that  in  one  experiment 
the  force  of  the  ascent  was  sufljcient  to 
support  a  column  of  mercury  32^  inches 
in  height.  Ue  also  calculated  from  his 
experiments  on  the  Vine,  that  the  force 
with  which  it  rises  in  this  plant  is  nearly 
Ave  times  greater  than  that  of  the  blood 
in  the  crural  artery  of  a  horse,  and  seveji 
times  greater  than  that  of  the  blood  in  the 
same  artery  of  a  dog.  In  some  experiments 
of  Brucke  on  the  force  of  the  ascent  of  the 
sap  in  the  spring  in  the  Vine,  he  found 
that  it  was  equal  to  the  support  of  a  column 
of  mercury  174  inches  high.  •  Hales'  experi- 
ment is,  however,  a  measure  of  the  force  of  absorption  by  the 
root  {root-pressure)  i*ather  than  of  ascent  of  the  sap  (see  pages  7tHi 
and  818). 

As  the  fluid  rises  in  the  stem  it  is  of  a  watery  nature,  and 
contains  dissolved  in  it  the  various  inorganic  matters  in  the 
same  state  nearly  in  which  they  were  absorbed  by  the  roots.  It 
also  contains  sugar,  dextrin,  and  some  other  substances  which  it 
has  dissolved  in  its  course  upwards,  though  no  starch,  chloro- 


Fin.Why.  Apparatii!?  cm- 
plftyeil  by  Hale^  to  shuvir 
the  ftircc  of  the  a^«nt 
o(  the  suij).  a.  Cut  viae 
Htock  ;  h.  A  o<tpper  cap, 
which  i«  secured  to  the 
8t<x-k  by  ineflUA  of  a 
piece  of  bladder  and 
lute,  f ;  */,  e.  /.  g,  bent 
Kla^s  tube  attache* i  to 
the  Clipper  cap,  and  con- 
taining mercury,  tiio 
level  of  which,  at  tie 
commencement  of  the 
ex]ioriment.  is  marked 
by  «•./,  and  at  the  con- 
clusinn  in  one  leg  of  the 
tube,  by  g ;  and  bonce 
tlie  mercury  in  the  other 
leg  must  have  rioen  in  a 
corres|X)n<ling  degree  to 
it8  dcpressiou  m  ihe 
former. 
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phyll,  or  colouring  matters  generally  are  found  in  it.  But 
although  the  sap  in  its  passage  upwards  thus  becomes  more  and 
more  altered  from  the  state  in  which  it  was  absorbed  by  the  roots ; 
when  it  reaches  the  leaves  it  is  still  unfitted  for  the  requirements 
of  the  plant,  and  is  hence  called  Crude  Sap.  It  undergoes  certain 
changes  in  the  leaves  and  other  green  parts,  by  which  it  becomes 
altered  in  several  particulars,  and  is  then  adapted  for  the  uses  of 
the  i>lant.  In  this  state  it  is  termed  Elaborated  Sap. 

Changes  of  the  Crude  Sap  in  the  Leaves. — The  changes  which 
the  crude  sap  undergoes  in  the  leaves  and  other  green  parts  by 
the  action  of  light  and  air  have  been  already  alluded  to  in  treating 
of  the  Functions  of  Leaves  ;  it  will  be  here,  therefore,  only 
necessary  to  state  in  what  those  clianges  essentially  consist. 
They  are  : — 1st.  The  transpiration  of  the  superfluous  fluid  of 
the  crude  sap  in  the  form  of  watery  vapour,  by  which  it  be- 
comes thickened.  2nd.  The  taking  up  from  the  air  of  oxygen 
and  giving  ofi*  of  carbon  dioxide,  small  quantities  of  water  being 
probably  fonned  at  the  same  time,  to  which  the  term  Respira- 
Hon  is  now  applied.  The  oxygen  thus  taken  up  in  respiration 
is  necessary  to  the  vitality  of  the  protoplasm,  as  also  for  the 
oxidation  of  nutrient  matters  during  the  process  of  metastasis, 
&.C.  Respiration  is  most  evident  during  the  night,  for  the  large 
quantity  of  oxygen  given  off  during  the  day  in  the  process  of 
jissiinilation  completely  obscures  the  fonoer  change.  3rd.  The 
absorj)tion  and  decomix)sition  of  carbon  dioxide,  by  which  carbon 
— that  most  important  constituent  of  plants — is  added  to  the 
crude  sa^)  whilst  oxygen  is  evolved,  carbohydrates  being  at  the 
same  time  produced.  To  this  the  term  Assimilation  is  applied. 
The  carbohydrates  so  formed  may  be  starch,  fat,  or  cane  sugar, 
but  more  especially  starch.  A  further  process  is  found  to  take 
place  in  some  of  the  assimilated  substances ;  thus  they  may 
change  their  position,  jmssing  from  the  cells  in  which  they  were 
formed  to  others,  generally  also  undergoing  at  the  same  time  a 
change  in  then*  cliemical  comi>o8ition  ;  which  combined  clianges 
are  termed  metabolism  or  vietastasis.  The  differences  between 
assimilation  and  metastasis  may  be  seen  in  the  Potato,  where  by 
the  ftn-mer  process  starch  is  formed  in  the  chlorophyll -bearing 
leaves,  which  in  its  turn  is  convei'ted  into  a  glucoside  in  the  stem 
and  branches,  and  back  again  into  starch  in  the  tubers  by  meta- 
stasis. Tlie  crude  sap  being  thus  altered,  contains  in  itself 
v.irious  nitrogenous  and  non-nitrogenous  matters  which  are  re- 
(juired  for  the  development  of  new  tissues  (Development},  and 
the  different  secretions  (Secretion).  It  is  then  termed  Elaborated 
Sap. 

Those  matters  which  are  necessarj'  for  development  or  growth 
are  termed  coiuitrU'Ciive  materials,  whereas  those  which  are  fonned 
by  metastasis  and  which  are  not  constructive — may  be  divided 
into  two  groups — 

1.  Degradation  products,  such  as  wood  and  cork,  which  can 
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never  be  reconverted  into  constructive  materials,  though  of  the 
greatest  use  to  the  plant  in  giving  nieclianioal  suppuii; ;  pro- 
tecting the  internal  living  tissues  from  frost,  enabling  plants 
to  withstand  tlie  scorching  heat  of  the  sun,  and  in  other  ways. 
Many  gums,  as  tragacantli,  gum  arabic,  and  others  ;  and  gum 
resins,  as  mvrrh  an  J  bdellium  ;  are  als<;  formed  from  the  cell- 
walls,  &c.,  of  different  plants,  and  are,  therefore,  other  examples 
of  such  products. 

2.  Seantdary  producU  of  metastasis^  some  of  which,  as  sweet 
secretions,  «fcc.,  are  necessary  for  the  perpetuation  of  the  species, 
by  attracting  insects  and  so  furthering  feiiilisatioii  ;  while  some 
— as  ethereal  oils,  resins,  colouring  matters,  and  many  acids  and 
alkaloids — appear  to  be  of  no  fiulher  use  to  the  plant. 

The  important  influences  which  these  changes  in  the  leaves 
have  in  promoting  the  purity  of  the  atmosphere  we  breathe  (page 
770),  the  healthiness  or  otherwise  of  a  particular  country  *  (page 
772),  and  the  fertility  or  barrenness  of  a  soil  (page  772),  have 
likewise  been  .already  noticed.  We  have  also  seen,  that  in  order 
that  these  changes  may  be  properly  performed,  the  leaves  must 
be  freely  exposed  to  light  ;  and  from  this  dependence  of  assimila 
tion  on  light,  it  follows,  as  we  have  noticed  (page  778),  that  when 
the  secretions  of  particular  plants,  which  are  otherwise  agree- 
able, are  injurious,  or  of  unpleasant  flavour,  they  ciui,  by  growing 
them  in  darkness  or  in  diminished  light,  be  made  fit  for  the  table, 
as  is  the  case  with  Celer>',  Sea  Kale,  Lettuce,  Endive,  and  others. 
For  the  same  reas(m  the  plants  of  warm  and  tropical  regions, 
where  the  light  is  much  more  intense  than  it  is  in  this  country 
or  in  other  cr)ld  and  temperate  regions,  are  ccmimonly  remarkable 
for  the  powerful  nature  of  their  secretions,  as  is  well  illustrated 
by  the  stronger  odours  of  their  flowera,  and  the  richer  flavours  of 
their  fruits.     (See  also  *  Electricity  of  Plants,'  p.  828.) 

Ag^in,  as  the  fonnation  of  secretions  depends  upon  the  in- 
tensity of  light,  it  frequently  happens  that  when  a  plant  of  a  warm 
or  tropical  region  which  naturidly  produces  a  secretion  which 
may  be  <»f  greivt  value  as  a  medicinal  agent,  or  useful  in  the 
arts,  is  transported  to  this  or  any  other  climate  in  which  the 
intensity  of  the  light  is  much  less  than  it  is  in  its  native  country, 
the  secretion  is  not  formed  at  all,  or  in  diminished  quantity. 
Even  if  sucli  plants  be  placed  in  our  hot-houses,  where  they 
may  be  submitted  to  the  same  degree  of  heat  which  they  obtain 
naturally  in  their  native  countries,  their  secretions  are  either  not 
formed  at  all,  or  in  diminished  amount,  because  light  is  the 
main  agent  concerned  in  their  formation,  and  we  cannot  increase 
the  intensity  of  light  as  we  can  that  of  heat,  by  aiiiiicial  means. 
Another  cause  which  commonly  interferes  with  the  fonnation  of 
the  secretions  of  plants  of  warmer  regions  when  grown  in  our 

*  The   neighbourhood  of  the  monastery  of   La  Trappe,  where    the 
Eucalyptus  has  been  planted,  may  be  cited  as  an  example. 
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hot-houses,  is  the  want  of  a  proper  and  incessant  supply  of  fresh 
air  to  facilitate  transpiration,  &c. 

The  above  facts  are  of  great  interest,  as  they  have  an  impor- 
tant bearing  upon  the  growth  of  plants  and  fruits  for  the  table, 
as  well  as  in  a  medicinal  and  economic  point  of  view.  At  pre- 
sent, however,  much  remains  to  be  discovc^red,  before  we  can  be 
said  to  have  anything  like  a  satisfactory  explanation  of  the 
causes  which  influence  the  formation  of  the  secretions  of  plants; 
for  it  is  found  that  the  same  species  of  plants  when  grown  in 
different  parts  of  Great  Britain,  where  the  climatal  dilferences 
are  not  strikingly  at  variance,  or  even  at  the  distance  of  a  few 
miles,  or  in  some  cases  a  few  yards,  frequently  vary  much  as  re- 
gards the  nature  of  their  peculiar  secretions.  A  striking  illu9> 
tration  of  this  fact  is  mentioned  by  Christison,  who  found  that 
some  Umbelliferous  plants,  as  CiVt*to  virosa  (Water  Hemlock), 
and  (EnaydJui  crocata  (Hemlock  Water  Dropwort),  which  are 
poisonous  in  most  districts  of  England,  are  innocuous  when 
grown  near  Edinburgh.  The  causes  of  such  differences  are  at 
present  obscure,  but  the  varying  conditions  of  soil  and  moisture 
under  which  plants  are  developed  have  doubtless  an  important 
influence  upon  their  secretions.  In  a  pharmaceutical  point  of 
view,  so  far  as  the  active  properties  of  the  various  medicinal  pre- 
parations obtained  from  plants  are  concerned,  this  modification 
in  their  secretions  by  such  causes  is  of  much  interest,  and  would 
amply  repay  investigation ;  for  it  cannot  be  doubted,  but  tliat  each 
plant  will  only  form  its  proper  secretions  when  grown  under  those 
circumstances  which  are  natural  to  it,  and  that  consequently  any 
change  from  those  c«  ndltions  will  modify  in  a  corresponding  de- 
gree the  properties  of  the  plant.  Probably  here  we  have  an  ex- 
planation, to  8<jme  extent  at  least,  of  the  cause  of  the  varyii^ 
strength  of  the  medicinal  preparations  obtained  from  the  same 
species  of  plants  when  grown  in  different  parts  of  this  country, 
or  in  different  soils,  &c. 

Descent  of  the  Sap. — After  the  crude  sap  has  been  transformed 
in  the  manner  already  described,  it  passes  from  the  leaves  to  the 
stem,  probably  to  the  inner-bark,  and  cambium-layer  of  Dicoty- 
ledons ;  and  apparently  to  the  parenchymatous  tissues  generally 
of  the  stems  of  Monocotyledons  and  Cormophytes.  It  then 
descends  in  the  stems  of  the  several  kinds  of  plants  as  far  as  the 
root,  and  in  its  course  affords  materials  for  the  development  of 
new  tissues  and  the  production  of  flowers  and  fruit ;  and  at  the 
same  time  undergoes  further  changes  owing  to  metastasis,  and 
deposits  its  various  secretions,  &c.  (page  ^2).  Hoffmann,  in 
his  experiments  upon  Ferns,  however,  could  not  find  any  path 
by  which  the  elaborated  juices  descended  in  the  stem. 

That  the  elaborated  sap  in  Dicotyledons  descends  through  the 
inner-bark  and  cambium-layer  is  commonly  believed,  and  several 
facts  seem  to  support  this  belief.  Thus,  the  formation  of  waxl 
is  obviously  from  above  downwards,  for  when  a  ligature  is  tied 
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tightly  round  the  bark  of  an  Exogenous  stem,  or  more  especially 
if  a  ring  of  bark  be  removed,  no  new  wood  is  produced  below 
the  ligature  or  ring,  while  there  will  be  an  increased  development 
above  it,  or  roots  will  be  produced  there.  Again,  it  is  well 
known,  that  by  removing  a  ring  of  bark  from  a  fruit  tree,  a 
larger  quantity  of  fruit  may  be  temporarily  obtained  from  that 
tree,  owing  to  the  greater  amount  of  nutritive  matter  which  then 
becomes  available  for  the  use  of  the  reproductive  organs  (see 
page  8ii3).  Another  circumstance  which  appears  to  show  the 
line  of  descent  of  the  nutritive  matter,  is  the  fact,  that  if  the 
cortical  parts  of  the  stems  of  a  Potato  plant  be  jjeeled  off,  the 
formation  of  tubers  is  prevented.  It  appears  that  the  descending- 
sap  sui>plies  the  material  for  the  formation  of  new  wood  in  the 
iibro- vascular  layers  ;  its  course,  as  well  as  by  the  latticed  vessels, 
sieve-tubes,  t&c,  is  also  lateral  ;  for  in  autumn  starch  grains  are 
found  in  the  medullary  rays  between  the  wedges  of  developed 
wood  ;  and  where  growth  is  going  on,  even  an  upward  direction 
may  be  assiuned.  Herbert  Spencer,  however,  ai^ues  that  the 
retrograde  motion  of  the  sap  is  through  the  same  channels — 
chiefly,  as  he  believes,  the  vessels  of  the  newest  wckkI  —by  which 
it  passed  up.  He  considers  that  this  descent  takes  place  in 
response  to  a  demand  for  liquid  by  the  stem  and  roots  when 
eva{x>ration  from  the  leaves  is  at  a  standstill,  as  at  night.  As 
far  as  the  leaf-petioles  are  concerned,  the  back  current  must  be 
along  nmch  the  same  tissues  as  the  upward  flow  ;  but  probably 
the  liber-cells  of  the  petiole  are  the  main  channel,  and  these  are 
directly  continuous  with  the  inner-bark  of  the  stem. 

Sl)encer  has  also  described  and  figured  (Linn.  Soc.  Trans- 
actions, XXV.)  cellular  masses  which  he  finds  at  the  termination 
of  the  vascular  system  in  the  lower  layer  of  parenchyma 
in  umny  leaves,  and  which  he  considers  to  be  undoubtedly 
absorbent  organs  by  which  the  elaborated  sap  is  abstracted  from 
the  leaves  ;  his  conclusions,  however,  require  confiiiiiation. 

The  opinions  of  observers  vary  much  as  to  the  oflices  of  the 
diflerciit  parts  of  plants  ;  for  instance,  Mulder  considers  that  all 
nitrogenous  matters  are  not  only  absorbed  by  the  roots,  but 
also  assimilated  by  them  at  once,  while  carbon  is  fixed  by  the 
green  parts ;  so  that  a  constant  interchange  must  take  place 
between  the  leaves  and  roots.  Other  authors,  again,  believe 
that  the  leaves  form  all  the  organic  substances,  while  Sachs 
says  :  ^  By  the  parenchyma  of  the  fundamental  tissue,  which 
always  has  an  acid  reaction,  are  conveyed  the  carl>o-hydratea 
and  oils  ;  by  the  soft  bast  the  mucilaginous  albuminoids,  which 
have  an  alkaline  reaction.' 
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CHAPTER  3. 

SPECIAL   PHENOMENA   IN  THE   LIFE   OF  THE    PLANT. 

1.  Development  of  Heat  by  Plants. — As  the  various  parts 
of  living  plants  are  the  seat  of  active  chemical  and  other  changes 
during  their  development,  and  in  the  perfomiance  of  their  dif- 
ferent functions,  we  might  conclude  that  their  temperature 
would  rarely  or  ever,  under  natural  circumstances,  correspoud 
with  that  of  the  atmosphere  around  them. 

We  have  already  noticed,  that  during  the  germination  of  seeds 
a  consideiuble  development  of  heat  takes  place  (page  810).  This 
is  more  especially  evident  when  a  number  of  seeds  germinate 
together,  as  in  the  process  of  malting.  The  development  of  heat 
in  flowering  has  also  been  alluded  to  (page  78G).  The  rise  of 
temperature  which  thus  occurs  in  the  processes  of  germination 
and  flowering  is  due,  without  doubt,  essentially,  to  the  produo 
tion  of  carbon  dioxide.  We  have  still  to  inquire,  whether  the 
ordinary  vital  actions  which  are  going  on  in  plants  are  calculated 
to  raise  or  diminish  their  temperature. 

The  experiments  of  Hunter,  Schoepf,  Bierkander,  Maurice, 
Pictet,  and  more  especially  of  Schiibeler,  lead  to  the  conclusion 
that  the  trees  of  our  climate  with  thick  trunks  exhibit  a  variable 
internal  temperature,  being  higher  in  the  winter  and  at  simrise 
than  the  surrounding  atmosphere— that  is,  at  periods  of  great 
cold,  or  of  moden\te  tempei*ature  ;  and  lower  in  the  summer  or 
at  mid-day — that  is,  at  periods  of  great  heat.  In  no  obsened 
cjwes  were  such  trees  noticed  to  possess  exactly  the  temi>eratiu« 
of  the  atmosphere  around  them.  The  experiments  of  Reaumur 
on  trees  with  slender  trunks  exposed  directly  to  the  sun's  rays 
showed  a  considerable  increase  of  temperature  in  them  over  the 
external  air.  These  experiments  of  Reaumur  ai*e,  however,  by 
no  means  satisfactory. 

Tlie  temperature  of  trees  under  the  above  conditions  depends 
upon  various  causes,  such  as  the  sun's  rays,  the  amount  of  eva- 
poration, chemical  changes  which  take  place  during  assimilation, 
itc. ,  the  conducting  powers  of  the  wood,  and  particularly  upi»n 
the  temperature  of  the  soil  in  which  the  plants  are  gro\ni.  In 
the  active  periods  of  the  growth  of  plants,  when  evaporation  is 
constantly  going  on,  and  the  tixation  of  carbon  taking  place, 
both  of  which  processes  are  accompanied  by  a  diminution  (»f 
heat,  it  is  evident  that  such  changes  must  have  some  eflTect  in 
modifying  the  temperature ;  and  hence  if,  at  such  periods,  their 
temperature  be  above  that  of  the  surrounding  air,  that  it  is  due 
to  external  influences,  such  as  the  sim's  rays,  and  the  tempera- 
ture of  the  soil,  &c.  This  probably  explains,  to  some  extent  at 
least,  why  the  temperature  of  thick  trees  exposed  to  great  heat 
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is  liiwer  than  that  nf  the  surtMiiiiding  air,  fur  nt  such  a  period 
fuuutation  is  ill  a  very  active  cuiitlitii'ii,  evap»mti<m  and  asaiiiu- 
hitiou  being  then  in  full  play.  Again,  wUeii  the  tBiiijutrature  of 
the  air^is  low,  as  in  winter  ur  during  the  night,  but  little  or  no 
evaporation  or  auiniilatioti  takes  place,  and  hence  we  find  that 
thu  temperature  is  then  higher  than  that  of  the  external  air. 
The  uonclusioiia  in  the  last  jHkrugniph  do  not,  however,  alto- 

Kther  agreo  with  the  ]>ublishod  result  of  experiments  made  by 
itn>cltet ;  for  he  found,  by  operating  with  Bceijuerel's  therriio- 
electi'ii;  ntiedle,  that  when  plaiit-s  were  placeil  in  a  moist  attixi- 
•|)hur«  so  as  to  restrain  evaixii'.ition,  a  slight  increase  of  tuiiiiKra- 
ture  took  place,  thus  setiining  to  ]irove  tliat  thu  choiiiiual  chanijes 
taking  place  in  plants  pn>duce<l  a  rise  rather  than  a  diminution 
of  teui]>eratun:.  Probably  this  slight  increase  of  heat  nnder 
■uch  circunutanees  is  due  to  the  oxidation  or  combustion  of  a 
portion  of  the  carlxin  of  thu  plant.  But  Dutrochct  found 
that  when  eva]«>raticin  H'as  allowed,  the  projier  vital  or  specific 
lieat  of  plants  was  slightly  below  that  of  the  atmosphere.  He 
uIho  noticed  that  the  heat  of  plants  varied  during  thu  course  of 
twenty-four  hours,  the  hour  of  niaxininni  temjiuratnrc  varying 
fnnn  ten  in  the  moniing  to  thi'ee  in  the  afterni>on,  the  luininium 
ouuurring  at  midnight.  The  variation  in  such  cases  was  how- 
ever exti*emely  small,  being  only  from  about  one-tenth  to  a 
little  over  one-lialf  a  degree  of  Fahrenheit.  This  specific  heat 
of  plants  c-iulil  <uily  lie  olisen'ed  in  green  and  soft  structures, 
those  which  were  bard  or  W(H>dy  not  [lossessing  any  specific  heat. 
The  above  is  but  a  brief  summary  of  the  conclusions  which 
have  been  at  present  arrived  at  with  regard  to  the  development 
of  heat  by  plants,  and  these  am  by  no  means  of  a  satisfactory 
nature.  Much  further  investigation  in  required  upin  this  matter. 
Ill  connection  with  the  subject  of  heat  develoiied  by  plants 
nmy  be  mentioned  the  researches  of  Bousaingault,  Alphonse  de 
Uandolle,  &c.,  as  to  the  tem)>er!itures  required  by  different 
plants  to  stimulate  them  into  vegetative  or  reproductive  ai^tivity, 
That  a  certain  sum  uf  heat  is  required  for  the  jirojier  develop- 
ment of  a  plant  has  long  been  known,  also  that  the  life-history 
of  some  plants  (as  Wheat)  will  be  completed  in  a  shorter  time  in 
hotter  than  in  more  toinperate  climates. 

2.  LmiNOHiTY  OF  Plants.— Very  little  is  positively  known 
respecting  the  development  of  light  by  plants.  But  it  seems 
tolerably  well  ascertaine<),  on  the  authority  of  Humboldt,  Nees 
von  Esenbeck,  Unger,  Drummond,  and  others,  that  the  thalU 
of  some  living  Fungi  are  luminous  in  the  dork.  This  luminosity 
has  been  noticed  in  several  species  of  Ayariewt  and  the  so-called 
HhiziiiHorj^ui.  According  to  Prescott,  the  mycelium  of  the 
common  Truffle  is  also  luminous  in  the  dark. 

The  statement  that  certain  Mosses,  aa  S/^hUtoitega  nanmndacea 
and  iViiiiim  pututalutn,  were  phosphorescent,  appears  to  have 
been  founded  on  imperfect  observation. 
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With  regard  to  the  development  of  light  by  the  higher 
classes  of  plants,  we  have  at  present  no  very  satisfactory  obser- 
vations to  depend  upon.  It  has  been  repeatedly  stated,  tliat 
many  orange  and  red-coloiired  flowers,  such  as  those  of  the 
Nasturtium,  Sunflower,  Marigolds,  Orange  Lilies,  Red  Poppies, 
&c. ,  give  out,  on  the  evening  of  a  hot  day  in  sununer,  peculiar 
flashes  of  light.  This  peculiar  luminosity  of  orange  and  red 
flowers  is  now  commonly  regarded  as  an  optical  illusion,  and 
the  fact  of  such  lumincmity  having  been  only  noticed  in  flowen 
with  such  bright  and  gaudy  tints,  appears  strongly  to  favour 
such  a  conclusion. 

The  rhizomes  of  certain  Indian  grasses  have  been  reported  to 
be  luminous  in  the  dark  during  the  rainy  season  ;  and  Momay 
and  Martius  have  observecl,  that  the  milky  juices  of  some  plants 
were  luminous  when  exuding  from  wounds  made  in  them. 
Martius  also  states,  that  the  milky  juice  of  Euphorbia  phosphatta 
is  luminous  after  removal  from  the  plant,  when  it  is  heated. 

3.  Elec.'Tricity  of  Plants. — Disturbances  of  electrical  equi- 
librium are  undoubtedly  connected  with  the  various  chemical 
and  mechanical  changes  which  take  place  in  plants.  By  the 
medium  of  a  galvanometer,  Ranke,  Velten,  Burdon  Sanderson, 
and  others  have  demonstrated  that  there  exists  in  plants  an 
electric  current  from  the  tninsverse  to  the  longitudinal  section 
*)f  a  vegetable  tibre,  similar,  but  in  the  contrary  direction,  to 
that  shown  by  Du  Bois  Reymond  to  exist  in  the  muscles,  A'c.,<>f 
animals.  It  is  also  found  tliat  the  internal  tissue  of  land  plants 
is  always  electro-negative  to  the  cuticularised  surface. 

Ilw  Effect  of  the  Electric  Lujlit  mi  the  Growth  of  Plants  aW 
Frodiiction  of  Cldorophi/IL— Recent  experiments  made  by  Dr. 
Siemens  seem  to  prove  tliat  the  electric  light  aids  the  growth 
of  plants,  produces  chlorophyll,  increases  the  brilliancy  of 
flowers,  and  promotes  the  ripening  of  fruits.  By  sowing  seeds 
of  rapidly  growing  plants  and  exposing  them  to  the  same  con- 
ditions with  the  exception  of  light,  he  found  that  those  grown 
in  the  dark  were  etiolated  and  80<m  withered  ;  those  exposed  to 
daylight  with  a  fair  share  of  sunlight  were  vigorous,  aiid  of  a 
good  green  colour  ;  but  those  exposed  to  the  electric  l^ht  for  six 
hours  per  day  tmly,  being  in  darkness  the  other  eighteen  hours, 
were  vi»>oroiis  though  less  green  ;  while  those  exposed  to  day- 
light and  electric  light  successively,  were  the  most  vigorous,  and 
the  green  of  their  leaves  of  a  darker  hue.  This  shows  that 
plants  may  for  a  time  grow  continuously  without  rest,  i.e.  without 
sleep ;  but  for  what  length  of  time  this  endurance  would  ctm- 
tinue  further  experiments  are  required  to  prove.  The  electric 
light  seems  therefore  to  aflect  plants  in  a  similar  manner  to  the 
continuous  summer  sun  in  northern  latitudes,  where  Dr. 
Schiibeler  found  that  the  arctic  sun  caused  plants  to  produce  more 
brilliant  flowers  and  richer  and  larger  fruit  than  if  the  same 
plants  had  been  grown  with  an  alternation  of  light  and  darkness. 
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4.  Movements  or  Plants. — Three  kinds  of  movements  have 
been  described  in  plants: — 1.  Motions  of  entire  plants,  such  as 
tliose  which  occur  in  the  Oscillatoriese,  Diatoniere,  and  some 
other  forms  of  the  lower  Alges ;  and  of  parts,  e.g.  the  spermato- 
zoidS)  connected  with  the  reproductive  processes  in  some  of  the 
lower  kinds  of  plants.  The  locomotive  power  thus  possessed  by 
some  of  the  lower  Algte  is  a  marked  deviation  from  what  ordi- 
narily occurs  in  plants.  2.  Movements  produced  in  parts  of 
plants  which  are  dead,  or  which,  at  least,  have  lost  their  active 
vitality.  Such  movements  may  be  noticed  in  almost  all  the 
great  divisions  of  plants,  and  are  more  or  less  connected  with 
some  reproductive  function.  We  include  here  the  bursting  of 
anthers  in  the  higher  classes  of  plants,  and  that  of  spore-cases 
in  the  lower  ;  the  dehiscence  of  fruits,  the  separatitm  of  the 
component  carpels  from  each  other  in  the  Euphorbiaceae  and 
Geraniacese,  and  many  other  phenomena  of  a  like  nature.  3. 
Movements  which  occur  in  the  living  parts  of  plants  when  in  an 
active  state  of  growth,  &c. 

The  tirst  two  classes  of  movements  have  been  already  alluded 
to  in  various  parts  of  this  work.  The  movements  of  the  first 
class  appear  to  depend  upon  a  rotation  of  the  protoplasmic 
cell-contents,  the  cause  of  which  is  at  present  unexplained  ; 
or  to  the  presence  of  cilia  upon  theii*  surfaces.  Movements  of 
the  second  kind  are  entirely  mechanical,  and  produced  by  the 
varying  ctmditions  of  the  different  tissues  as  to  elasticity  and 
power  of  imbibing  moisture. 

The  third  kind  of  movements  must  be  more  particularly 
noticed.  They  only  occur  during  active  vegetation.  The 
directions  taken  by  organs  properly  come  under  this  head.  But 
this  matter,  so  far  aa  the  plumule  and  radicle  ai-e  concerned, 
has  been  already  noticed  (page  810).  With  regard  to  the 
stem  the  extensive  researches  of  Darwin  on  Twining  Plants 
and  Tendrils  are  full  of  interest.  The  ends  of  such  organs  have 
the  power  of  spontaneously  revolving  ;  and  this  they  constantly 
do,  usually  from  right  to  left,  once  in  about  two  hours  ;  to  this 
action  Sachs  has  applie<l  the  term  of  revolving  nutatUmy  which 
Darwin  proposes  to  simplify  into  that  of  circumnutation.  So 
soon  as  the  organ  meets  \*ith  a  support  its  motion  is  arrested,  and 
it  becomes  spirally  twined  round  by  the  arrest  of  the  movement 
of  successive  portions.  Tendrils  contract  spirally  soon  after  they 
have  laid  hold  of  a  support,  and  so  draw  up  the  stem  to  which 
they  are  attached.  The  remaining  movements  belonging  to  this 
class  have  been  divided  by  Sclileiden  in  the  following  manner  : — 

1.  Movements  which  evidently  depend  on  external  influences. 

These  are  divided  into  two  : — 

a.  Periodical.  h.  Not  periodical. 

2.  Movements  independent,  at  least  to  some  extent,  of  ex- 

ternal influences,  which  are  also  divided  into  two  : — 
a.  Periodical.  Not  periodical. 
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(1.)   MOVEMESTH    DGPENDIKO  OX    ExTBRNAL    InIXCHXCSR. — 0. 

PfriMiicfiL — Under  this  head  we  include  such  mofeiiienta  m 
those  of  certain  lijuvoa  and  the  petaJa  of  flowers,  which  occur 
at  particular  hnurs,  the  ot^ns  remaining  in  the  new  position 
tlius  taken  up  UDtil  the  return  of  a  particular  period,  when  the? 
resume  as  nearly  hs  peas ihle  their  original  position.  In  leaves, 
these  periodical  movements  consist  in  the  cliwing  up  of  iuch 
organs  tnwards  the  evening  and  their  expansion  in  the  momiog. 
In  the  petals  of  fli>wer8  yreat  differences  occur  in  opening 
or  closing  at  particular  liours  of  the  day  ;   and,  by  obseiring 


Fis.r 


tliesc  cliangcB  in  a  variety  of  flowers,  Linnteiia  and  others  have 
drawn  up  what  has  been  tbViiied  a  Soral  clock.  This  periiMlical 
closing  up  of  leaves  and  flowers  has  been  called  the  sleep  of 
plants.  Tlie  cunii>oiuid  leaves  of  certain  LeguininoaLs  and 
Oxaltdaceie  are  marked  illustrntions  of  these  periodical  move- 
ments, wliich  are  probably  all  indirectly  dependent  U{M>n  the 
varying  conditions  of  light  to  which  the  paits  of  the  ]dant  in 
which  they  occur  are  expiiBe<l.  All  these  movements  Darwin 
considers  to  be  due  to  modified  circuninutation.  This  autlii>T 
tays  ('  Movements  of  Plants,'  p.  395)  :  '  In  Liipitua  the  leaflets 
move  eitlier  upniuda  or  downwards ;  and  in  tome  bpeci««  (for 
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inat&nce,  L.  liitMti),  tboie  on  one  aide  of  .the  star-sliaped  leaf 
move  up,  and  those  on  the  oppoaite  side  muve  down  ;  the  int«r- 
niedinte  tram  rotating  on  their  axes ;  and  by  these  varied  raove- 
menta  the  whole  leaf  forms  at  night  a  vertical  star,  Instead  of  a 
horizontal  one  as  during  day.  Bmne  leaves  and  leaflets,  besitlea 
moving  either  upwards  or  downwards,  Ueconte  more  or  less 
folded  at  night,  as  in  Bafihinia  and  in  some  si)ecies  of  Oiaiiit. 
The  positions,  indeed,  which  leaves  occupy  when  asleep  are 
almost  inlinitely  diversijied  :  tliey  may  either  point  vertienlly 
upnards  {fig.  1162,  b)  or  downwards  (Jiij.  1153,  b);  or,  in  the 


ciVBO  of  leaflets,  towards  the  apex  or  towards  the  base  of  the  leaf, 
or  in  any  intcnnediate  position.   ,   ,   . 

■  The  nyctitropic  miivenients  of  leaves,  leaflets  and  petiolea 
are  effected  iu  two  diflcrent  ways— firstly,  by  alternately  in- 
creased growth  on  their  opposite  sides,  preceded  by  an  increased 
tui^escence  of  their  colls  ;  and  secondly,  by  means  of  a  pvlmiiiis 
or  aggregate  of  small  cells,  generally  destitute  of  chlorophyll, 
which  become  alternately  more  turgesceiit  on  nearly  opposite 
sides,  and  this  tuigescence  is  not  followed  by  growth  except 
during  the  early  age  of  the  plant.' 

b,   JlTotperiMliual.  — Such  movements  are  exhibited  in  a  num- 
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l)er  of  plants  both  in  the  leaves  and  in  their  reproductive  oi^g;ana. 
In  the  leaves  they  are  well  seen  in  certain  species  of  OjcaHij 
Mimosa  (fig.  368),  in  Di"n«a  rmtscipula  (fi^,  «i70),  &c.  In  the 
reproductive  organs  they  may  be  noticed  in  the  curving  inwards 
or  outwards  of  the  stamens  of  certain  plants,  such  aa  those  of 
Berheris  tndgaris  and  other  species,  Parietaria  judiaca,  Helian- 
ihemnm  milgare  and  other  Cistaceae  ;  also  in  the  stignuM  of  the 
Lobeliace«j,  and  in  the  style  of  Goldfiissia  anisophyllay  &c.  All 
the  above  movements  are  produced  by  external  agency,  such  »s 
the  action  of  insects,  the  agitation  caused  by  the  wind,  &c. 
Other  movements  which  fairly  come  under  this  heading,  and 
which,  like  the  nycti tropic  movements,  are  by  Darwin  re^irded 
:is  being  due  to  modified  circumnutation,  are  j:>09i^i<?e  and  tiegatitt 
h^Uotropiifmy  positive  and  n^ative  geotropismj  &c. 

Positive  heliotivpism  is  the  growing  towards  the  source  of 
light.  It  has  been  long  known  that  plants  grown  in  comparative 
darkness  increase  in  length  more  rapidly  than  those  exposed  to 
a  stronger  light — i.e.  that  light  appears  to  have  a  retarding  in- 
fluence on  growth — therefore,  where  a  plant  or  part  of  a  plant 
exhibits  positive  heliotropism,  it  is  found  that  the  part  away 
from  the  light  has  attained  a  greater  length  than  that  towards  it. 

Some  few  vegetable  organs,  as  the  stem  of  Ivy,  and  many  nxiti, 
exhibit  nrgative  heliotrovism,  where,  as  they  grow  away  from 
tlie  light,  the  parts  next  the  source  of  illumination  grow  most. 

Positive  gpotropism  or  grantation  is  the  term  applied  to  the 
force  which  influences  the  direction  of  growth  of  most  roots, 
especially  of  primary  roots,  which  usually  point  directly  down- 
wards to  the  cenlre  of  the  earth. 

Negative  grot ropismy  on  the  other  hand,  signifies  the  direction 
taken  by  most  stems,  trees,  &c.,  being  exactly  opposite  to  that 
sought  by  the  roots— i.e.  upwards,  or  away  from  the  centre 
of  the  earth. 

As  the  terms  positive  and  negative  heliotropisfm  and  of  pofi- 
tire  and  negative  geotropisni  are  frequently  used  carelessly,  the 
qualifying  expressions  positive  and  negative  being  frequently 
t)mitted,  Darwin  adopts  the  term  heliotropism  in  the  sense  of 
landing  <oir(fn/.s  the  light ;  apheluitropism  for  the  contrary  direc- 
tion, i.e.  away  from  the  source  of  iUumination  ;  and,  in  the  same 
manner,  geotrvpism  to  imply  towards  the  earth,  and  ajntgeo' 
trnpimi  for  bending  in  opposition  to  gravity,  or  from  the  centre 
of  the  earth. 

In  addition  to  the  foregoing  terms,  diaheliotrofnsm  is  some- 
times used  to  express  a  position  more  or  less  transverse  to  the 
light  which  induced  it ;  and  dtageotropism  to  a  similar  position 
with  regard  to  the  radius  of  the  earth. 

IrritaHlitif. — It  has  been  already  stated  that  some  move- 
ments of  plants  are  dependent  upon  the  agency  of  insects.  But 
though  it  has  long  been  known  that  insects  thus  induce 
movements  in   certain  plants,  such  as   Droserc^  2>tOf»««ft,  Xt- 
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Snlhet,  &c.,  it  ia  onlj'  hj  the  recent  observations  of  Darwin, 
ooker,  Vines,  Riess,  Wills,  and  utliun,  that  we  Imve  learnt  that 
the  insects,   which   by 

these    movementa  are  Fi<i.  Il.'i4. 

CAUght,  serve  for  nutri- 
tion, being  dissolved 
and  absorbed.  It  has 
boen  also  demonstrated 
that  this  solution  of  ni- 
trogenous matters  is 
due  to  the  presence  of  a 
kind  of  ferment  which 
closelyresembles  that  of 
thepeptic  elands  of  ani- 
mals. It  has  like  wise 
been  proved  that  this 
fermentisonly  efficient 
when  associated  with 
an  acid :  and  hence  this 
solution  is  a  true  diges- 
tive process  like  that  of 
animals.  During  the 
solution  and  absorption 
of  these  nitrogenous 
matters  the  protoplasm 
retracts  from  the  walls 
of  the  cells  in  the  form 
of  a  ball.  In  fig.  1154 
is  shown  a  leaf  of  Diu- 
tera  (Sundew)  where 
some  of  the  glands  or 
glandular  hairs  have 
bent  over  and  caught  an 
insect.  Such  plants  are 
y  termed 


773). 

To  plants  which  are 
thus  stimulated  to 
movement  by  chemical 
or  mechanical  means, 
the  term  irritable  is  ap- 
plied ;  thus  it  is  by  rea- 
son of  their  irritability 
that  the  leaves  and 
stems  of  the  Sensitive 
planta  (fij/.  368)  droop 
on  contact  with  any  foreign  body. 
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(2.)  MOVEMBNTS  INDEPENDENT,  AT  LEAST  TO  SOBCE  EXTENT,  OP 

EXTERNAL  Intluencbs. — a.  Periodical. — These  moYements  are 
seen  in  some  of  the  leaflets  of  certain  tropical  species  of 
Deamodiuniy  and  more  especially  in  those  of  Desmodiufn  gyrans 
{fig.  1155).  The  leaf  in  this  plant  is  compound,  and  bears  three 
leaflets  ;  the  terminal  one,  a,  being  much  larger  than  the  two 
lateral  ones,  6,  h.  There  are  also  two  other  rucQmentary  leaflets, 
marked  c,  near  the  lai^e  terminal  one.  This  large  terminal 
leaflet,  a,  when  exposed  to  the  influence  of  a  bright  light, 
becomes  more  or  less  horizontal,  but  it  falls  downwarcU  on  the 
approach  of  evening  (fig.  1155,  a).  This  movement  is  clearly 
analogous  to  the  sleep  of  plants,  and,  therefore,  comes  under 
the  head  of  movements  depending  on  external  influences, 
as  previously  described  (page  830).  But  the  lateral  leaflets,  6, 
6,  exhibit  a  constant  movement  during  the  heat  of  the  day, 
advancing  by  their  margins  towards  the  large  terminal  leaflet, 
and  then  retreating  towards  the  base  of  the  common  petiole. 
This  movement  takes  place  first  on  one  side  and  then  on 
the  other,  so  that  the  point  of  each  leaflet  describes  a  circle. 
The  movements  resemble  those  of  the  arms  of  the  old  semaphore 
telegraphs,  and  hence  this  plant  has  been  termed  the  Tel^rapfa 
plant.  They  go  on  to  a  less  extent  even  in  the  dark,  and  are 
most  evident  wlien  the  plants  are  in  a  vigorous  state  of  growth, 
and  when  exposed  to  a  high  temperature.  No  satisfactory  ex- 
planation has  yet  been  given  of  the  direct  cause  of  this  move- 
ment. Similar  movements  have  been  observed  in  the  radicles 
of  many  plants. 

6.  Not  periodical. — These  movements  occur  in  the  reproduc- 
tive organs  of  a  large  number  of  the  Phanerogamia.  The 
stamens  sometimes  curve  inwards  separately  towards  the  stigma, 
as  in  Ruta  graveolens  (fi^.  606),  and  Parnassia  paliiMris  ;  or  in 
pairs,  as  in  SoMtfraga  tridactylites.  They  afterwards  conmionly 
return  as  nearly  as  possible  to  their  former  position.  In  Par- 
na^u  the  arrangement  appears  to  be  one  adapted,  as  the  anthers 
are  extrorse,  to  prevent  self-fertilisation  (see  page  800).  In 
Passiflora,  Nigella  saiivay  certain  Onagraceae  and  Cactacese,  &c, 
tlie  styles  move  to  the  stamens  ;  while  in  other  Onagraceae  and 
certain  Malvaceae,  &c.,  both  styles  and  stamens  move  towards 
each  other.  No  explanation  of  a  satisfactory  nature  has  been 
given  of  the  cause  of  these  movements,  but  their  object  is 
doubtless  to  assist  in  the  process  of  fertilisation. 

5.  Odours  of  PLAinrs. — These  are  very  various  in  kind,  many 
being  highly  agreeable,  others  excessively  offensive,  while  others 
again,  though  pleasant  in  small  quantity,  become  disagreeable 
in  larger  amount.  The  source  of  the  particular  odour  is  often 
a  volatile  oil  or  other  product  contained  in  the  glands  or  re- 
ceptacles of  secretion  of  the  plant  ;  but  in  some  cases  no 
such  origin  is  found,  and  the  source  of  the  odour  is  unknown, 
whilst  its  nature   defies  analysis.     It  is  generally  conaidered 
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that  smell  is  due  to  the  giving  off  of  minute  particles  into  the 
air ;  Morren,  however,  from  observations  on  the  flowers  of 
Orchids,  was  led  to  the  inference  that  in  some  cases  it  depended 
on  a  physiological  cause.  He  observed  that  the  aromatic  odour  of 
MaxUlaria,  which  continued  to  be  exhaled  so  long  as  the  flowers 
were  imfertilised,  was  lost  a  little  while  after  poUen  was  applied 
to  the  stigma. 

Though  chiefly  developed  under  the  influence  of  solar  light, 
there  are  not  a  few  plant-odours  which  are  given  off  in  the 
evening  or  at  night.  Several  Orchids,  Cestrum  noctnnium^  Hes- 
peris  tristUj  Lychnis  ve.^pertiiui,  and  Cereus  grandijlonis  are  ex- 
amples. In  the  last-named  plant,  the  odour  is  given  out  in 
intermittent  puffs. 

There  seems  to  be  a  connection  between  the  colour  of  the 
flowers  and  their  odour ;  thus  it  has  be«n  observed  that  white 
flowers  are  very  frequently  fragrant,  whilst  brown  and  orange 
ones  have  often  a  fcetid  smell — the  so-called  Carrion-flowers 
(Stnpeli^),  certain  Aroids,  some  Balanophoracese,  and  the  Rafflesix 
being  examples.  The  flowers  of  Monocotyledons  are  more  often 
odorous  than  those  of  Dicotyledons. 
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Abaxil,k  embryo,  339 
Abortion,  363 
Abortive,  S34 
Abrupt  root,  134 
Abruptly  pinnate.  168 
AbMrption,757,  818 

—  by  the  root,  76ft 
Acaokricent,  7u 
Accesaory  buds,  104, 106 
Aocre«c«nt,  222 
Aecmnbent,  838 
Aceroae,  164 
Aclueniam,  SOS 
Acbene,  306 
Acblamydeoos,  17,  368 
Acicular  167 
Acicnlar  raphidea,  33 
Acinacifonn,  167 
Acotyledououa,  338,  366 

—  leaves,  184 

—  roota,  129 

—  stem,  74,  97 

—  venation,  166 
Acotyledouea,  12,  333 
Acrogenoua,  73 

—  stem,  74,  97 
Acropetal,  196,  303 
Acropetally,  103, 196 
Acuminate,  163 
Acute-pointed,  163,  333 
Adelphoos,  848 
Adherent  ciUyx,  330 

—  ovary,  378 

—  stipolea,  177 
Adhesion,  848 
Adhesive  attraction,  768 
Adnate  anther,  340 
Adnate  filament,  340 

—  stipules,  177 
jkination,  348 


Adventitious    buds,    104, 
106 

—  root,  133, 126 
vEcidia,  373 
iEcidium  fruits,  873 
Aerial  bnlba,  119 

Aerial  leaves,  structure  of, 
137 

—  roota,  138 

—  stems,  112 
i&<tivatiou,  161, 211 
^thalium,  3 
Agave,  766 

Age  of  endogenous  trees,  96 

exogenous  trees,  81 

Aggregate  fruits,  306,  313 
Air  cavities,  68,  766 

—  cells,  766 

—  plants,  126 
AlsB,  226 
Albumen,  20,  331 
Albuminous,  831 
Alburnum,  80,  768 
Aleurone  grains,  84 
Algn,  883 

Alternate  leaves,  142, 144 
Alternation  of  generations, 

869,  360,  793 
Althaea,  768 
Amentat^ons,  196 
Amcntiferous,  196 
Amentum,  196 
American  aloe,  766 
Amphisarca,  308 
Amphitropous,  323.  340 
Amplcxicaul,  141, 176 
Anacharis,  769 
Anatropous,  323 
Androecium,  17,  231,  246 
Androphore,  249 


Androsporc,  389 
Aiidxous,  346 
Auemopidlous,  20 
Augiospermia,  11 
Augioapermous,  317,  793 
Angular  divergence,  146 
Anisomerous,  846 
Anisostemenous,  846 
Annual    lasers   of   wood, 
77 

—  leaves,  136 

—  roots,  188 
Annular  cells,  43 

—  ve«el8,60 
Annulate,  867 
Annulated  nK)t,  183 
Annulns,  367,  366,  374 
Anomalous  leaves,  179 
Authela,  800 
Antheridia,  9,  869 
Anther,  18,  834,  237 
Antherosoid,  9,  864, 867 
Anthesis,  316 
Anthocarpous,  318 
Anthoceroa,  766 
Anthodinra,  800 
Anthotaxis,  184 
Antitropous,  340 
Apctaloid,  833 
Apetaloos,  863 

Apex  of  leaves,  186, 163 
ApheUotropism,  833 
Apical  cell,  767,  769 

—  style,  379 

—  dehiscence,  844 
Apicilar,  379 
Apicolar,  800 
Apiculate  fruit,  887 
Aploperistomous.  3<f 
Apocarpous,  19,  366,  366 
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Apocarj)«a«.    fmita,    290, 

302,  304.  313 
Apogeotn)])b>m,  832 
Apophysis,  366 
Apothecia,  378 
Appendages  of  the  epider- 

mLs,60 

calyx,  221 

corolla,  230 

petals,  222 

Apiiendiculate,  242,  243 
Arcliegonia,  9,  359,  303 
Aril,  328 
ArlUode,  329 
ArUlus,  328 
Arrangeuient    of    loayea, 

142 
Arrow-aliaped  loaves,  187 
Articulated,  99,  135 
Articulation,  173 
Ascendlug  axis,  18, 70, 196, 

768 

—  metamorphosis,  344 

—  ovule,  318 
Ascendlug  radicle,  340 

—  seed,  325 

—  stem,  109 

—  sap,  819 

Ascent  of  the  sap,  819 
Asci.  376,  378 
Ascidia,  182 
Ascomycetos,  376 
Ascospores,  877,  379 
AscuB,  377.  378 
Asexual,  355 
Ash,  816 

Assimilation,  775,  822 
Ati-opous,  321 
Attachment   of   filament, 

240 
Augmentation,  84S 
Anriculate,  167 
Awl-shaped,  164 
Axial  embryo,  839 
Axial,  339 
AxU,  135 
Axile  embryo,  3S9 

—  placenta,  274 
Axillary,  135 

—  inflorescence,  194 

—  stipules,  177 


Bacca,  311 
Baccate,  312 
Balausta,  318 
Banyan-tree,  125 
Barbed  hairs,  61 
Bark,  84 

—  functions  of,  769 

—  growth  of,  87 
Base  of  fruit,  290 

—  leaf,  135 
Basidia,  874 
Basidiomycetes,  378 
Basiflxed,  240 
Basifugal,  784 
BodUar,  800.  784 

—  «tyle,  279 


Basipetal,  784 
Bast  tissue,  47 

—  tubes,  47 

—  vessels.  52 
Beaded  root,  132 
BeU-shaped,  220,  226 
Berried,  312 
Berry,  311 
Bicrcnate,  158 
Biennial  roots.  128 
Bifid,  159,  161,  281,  288 
Bifoliate,  170 
Biforine^,  33 
Bifurcate,  242 
Bigeners,  801 
Bijugate,  168 
BUabiate,  227 
Bilobate,  283 
BilocaUr,237,2«9 
Binary.  346 

Binate,  170 
Biovulate,  317 
Biparons  cyme,  206 
Bipartite,  161,281 
Biplnnate,  170 
Bipinnatifid,  160.  223 
BipinnaUpartite,  160, 228 
Bipiunatisected,  16u 
Bisected,  161 
Biserrate,  158 
Bisexual,  233 
Bispermous,  325 
Bitemate,  172 
Bivalvular,  294 
Blade,  15, 135 
Bletting,  806 
Blunt.  162 
Boat-shaped,  224 
Bordered,  175,  827 
Bostrycoid.  101,  198 
Bostryx,  208 
Botany,  departments  of,  1 

—  object  of,  1 

—  structural,  1 
Botryosc,  193 
Bractoated.  187 
Bracteoles,  185 
Bractlets.  185 
Bracts,  15, 140.  185 
Branching.  102 

—  corymb,  198 

—  spadix,  196 
Bristles,  68 
British  gum,  31 
Brotherhood.  248 
Budding,  102,  754 
Buds.  99 

—  and  ramification,  99 
Bulb.  117 
BulbUs,119 
Bulblete.  119 
Bundle-sheath,  98 
Bu-'h,  109 


Caducous,  185,  192,  S22, 

233 
Caladinm,  772 
Calamites,  9 


Calcarat«,  S21,  S90 
Colceohite,  2. '8 
Calicolus,  186,  232 
Calyptra,  365,  368 
Cal>i)trate,  222 
Calyx.  16,  215 
Cambium,  88 

—  cells,  83 

—  layer.  83 
CampaoiUat«.  220,  226 
Campylotropons,  822 
Canal  cell,  795 

Cap,  373 

CapUlary,  234,  758 
Capitate,  61,  284 
Oapitulum,  200 
Capsular,  809 
Capsule,  308,  857,  868 
Caroerule,  807 
Gktfina,2M 
Carpel,  19,  259,  848 
Carpellary,  20 
Carpophore,  280,  SSi 
Caruneulea,  329 
Caryophyllaceona,  225 
Caryopsij^  307 
Catkin,  196 
Caudate,  287 
Caudex,  97, 109 
Caudiole,  258 
Caulesicent.  70 
Caulicule,  333,  336 
Caulinary  stipules,  177 
CauUs,  109 

Caulome,  13.  69,  768,  769 
Cell,  contents,  21 
CcU-division.  760,  762 
Cell-formation.  749 
Cell-membrane,  39 
Cell-multiplicaU<Mi,  760 
Cell -nucleus,  26 
CeUs,  21,  237,  268.  831 

—  with  bordered  i*i*,  41 
Cellular  envelope,  86 

—  pUnts,  7 

—  system,  64.  70 
Cellnloie,  4,22,90 
Cell-wall,  4,  22.  S9,  749 

—  thickening  of,  22. 89 
Ceuta^l  placenta,  376 

free,  274,  376 

Centrifugal,  203,  S40 

—  f ormaUou  of  leaves,  784 
Centripetal,  196,  SOS,  84i) 

—  formation  of  teavee,  784 
CerHtium.  309 

CliaUsa,  321,  834 
Chalazal  ariUus,  880 
Changes  of  ovary,  iSS 

sap,  822 

CharaoeoB,  381,  759,  789 
Charas,  381,  760,  789 
Cliemioal    oonsUtntioB  d 

fruits,  804 
Chlorophyll,  36,  780 
CblorophyU  bodie*.  38 

—  corpoacles,  96 

—  granules.  38 
Chorials,S48 
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Cicatrix,  135,  178 
Cioinal  dichotomy,  104 
C'iciunas.  209 
Cineuchyma,  761 
Circinate,  149 

—  cotyledons,  337 
Circulur   estivation,   313, 

214 
Circulation,  7M,  819 
Circununciwilc,  394,  399 
CirrhuB.  Ill 
Clathrate  cells,  53 
ClHTBte,  61.1  H7,  285 
Clavicei^R,  875 
Claw,  323 
Clawed,  223 
Cle't,  159,  218,  238,  236 
ClimbinK,  1U9 
ClOiied   Tatcular   bundles, 

73,91 
Cloves,  118 
Club-mosseis  368,  791 
Club-«liaped.  61.235 
Clui»tered  root,  131 
Co-*l*«ccinoc.  348 
C^at  of  poUcu-cell,  353 
C^ted  bulb,  118 

—  root*,  126 
Cocci,  297 
Cochlear,  213.  214 
C(Pnanthium,  191 
Coherent.  217 
CohcHion,  348 

—  of  fitamons,  247 
Coleorhizn,  123, 129,  811 
Collateral,  319 

—  chorlsiii,  3^0 
Collecting  hairs,  64,  282 
Collective  fruits,  313 
(A>llcnchynia,  45 
Colour  of  anther,  343 

filament,  235 

flowers,  786 

leaves,  780 

testa.  326 

Columella,  294,  365,  869 
Coma,  1U4,  327 
Commissure,  31 1 
Common  calyx,  300 

—  petiole,  173 
Comodc,  327 
Comiiarativc  anatomy  of 

pUmts  1 
Complete  flower.  384.  847 
Composition  of  leaves,  156 

pericarp.  391 

starch,  30 

Compound  corymb,  198 

—  flower,  200 

—  fruit,  290 

—  hairs,  60 

—  leaves,    136,    156,    168, 
17U 

—  ovary,  368,  371,378 

—  petiole,  173 

—  pistil.  249 

—  roots,  129 

—  siiKuiix,  196 

—  spiral  v^tels,  49 


Compound  style,  381 

—  umbel,  301 
Conceptaclew,  386 
(.'onceptAOulum,  305 
Conditions  of  germination, 

809 
Conducting  tissue,  364 
Conduiilicato,  149,  337 
Cone,  197,  314 
Confluent  fruits,  814 
Conglomerate      raphidcs, 

82 
Conical  calyx,  330 

—  hairs,  61 

—  leaf,  167 

—  -  nwt,  133 
Conidia,  370 
Conjugation,  883,  788 
Connate.  142,  347 
Connective,  337, 841 
Connlvcnt,317,  334 
Coustru<?tive  materials,  822 
Contents  of  cells,  21,  265 
Contortoil  w^ivation,  213 

—  corolla,  214 

—  r(K)t,  134 
Contracted  cym'?.  209 
Convolute,  149,  218,  837 
Corallini;  root,  130 
Cordate,  165, 167,  228 
Cordate  lanceolate,  1G7 
Cor«  late-ova  t«^  1*7 
Conlate-sagittate,  343 
Cork,  87 

—  cambium,  88 
Corky  layer  of  bark,  86 
C^nn,  117 
Comiophytes,  9 
Corolla.  17,  233 
Corttnii,  232 
Corpuscula,  795 
Corrugated,  213 
Cortii-al,  3G8 

—  system,  84 
Corymb,  198 
Costa,  151 
CosUte,  154 

Cotton,  structure  of,  64 
Cotylo<ionea,  333 
Cotyledons,  13,  140,  333 
Creation,  inorganic,  i 

—  organic,  1 
Creeping  stem,  115 

—  root,  1 15 
Cremocarp,  310 
Crcnate,  158 
Crcnulated,  158 
Crescent-shaped,  167 
Crisped,  158 

Croi)8,  rotation  of,  816 
CroM-breeds,  801 
Croes-fertilisaUon,  801 
Crossing,  800 
Crown  of  the  root,  140 
Cruciate,  225 
Cruciform,  225 
Crude  aap,  819,  823 
Crumpled,  212 
Crj'ptogamous,  184,  856 


Crystalloids,  84 
(Mini,  109 
Cnneftte,  105 
Cuimle,  188,  311 
Curled,  158 
Curved  ovulep,  333 
—  veined,  155 
Curviserial,  147 
('uspidate,  163 
Cuticle,  67 
Chiticularisod,  55 
Cycle,  144 
Cyclosis,  761 
Cylindrical  cell,  86 
CyliTidrical  leaf,  167 
Cyme,  203 

CymoflP,  HH,  193,  203 
Cynarrhodum,  806 
CypHola,  311 
Cystolithes,  33 
Cystopus,  370,  371 
Cytoblast,  26 
Cytoblastema,  749 
Cytogcueais,  749 


Drath  of  the  leaf,  783 
D(K•iduou^  185,   176,   187, 

19-i,  222,  233,  380 
I)e(rlinate,  336 
l)ecx»niposed,  160 
Decompound,  170, 178 
Decumbent,  108 
Dtjcurrent,  142, 176 
Decussate,  142 
Decussation,  142 
Dcdupllcatlon,  348,  349 
Definite  inflorescence,  193, 

202 

—  ovules,  317 
Definition  of  a  plant,  8 
Definite  vascular  bundles, 

73  91 
Defoliation,  783 
Degeneration,  354 
Degradation,  38 

—  products,  828 
Dehiscence  of  anther,  843 
fruit,    30,   398,  396, 

808 

pollen,  855 

Dehiscent  fruit,  893 
Deliquescent,  110 
Dentate,  158, 223 
DepartmentA  of  botany,  1 
Derm,  86 
Dermatogen,  180 
Descending  axis,  13,  180, 

765 

—  radicle,  840 

—  sap,  819 

Descent  of  the  sap,  834 
Determinate  inflorceoence, 

103, 194,  303,  303 
Development,  833 

—  abnormal,  854 

—  of  the  anther,  888 
embryo,  888 
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Development  of  the  exoge- 
nous 8ten),  74 

floral  envelopes, 

786 

heat,  826 

leaves,  783 

ovule,  319 

roots,  767 

starch,  29 

stem,  769 

Btomata,  763 

Dextrin,  31 

Dlachenium,  311 

Diadelphou0,  248,  348 

Diageotropism,  832 

DlaheliotropisQ),  832 

Dialycariwus,  265 

Dialypctalons,  224 

Dialyaepalous,  218 

Diandrous,  246 

Diastase,  810 

Dichasium,  104,  206 

DichlanijdeouB,  t7 

Dichotomous  cyme,  205 

Dichotomy,  103 

—  bostryooid,  104 

—  cidnal,  104 

—  heUcoid,  104 

—  scorpioid,  104 

—  sympodial,  103 

—  true  or  normal,  103 
Diclinous,  233 
Dlcoocous,  297 
Diootylcdoues,  12,  833 
Dicotyledonous,  333 

—  embryo,  336 

—  germination,  811 

—  leaves,  183 

—  roots,  128 

—  stem,  74 
Dldynamous,  250 
Diffusion  of  fluids,  758 

gases,  757 

Digitaliform,  230 
Digitate,  162,  171 
Digltii)artite,  162 
DigynouB,  265 
Dimerous,  346 
Dimorphic,  250.  801 
Dioecious,    233,    362,    364, 

367 
Dipetalous,  225, 
Diploperistomous,  366 
Diplostemenous,  245 
Dlplotegia,  309,  31 1 
Direction  of  filaments,  235, 

236 
plumule  and  radicle, 

810 
Disc-bearing     wood-cells, 

41 

—  woody  tissue,  47 
Discoid  pith,  76 
Disepalous,  218 
Disk,  257 

Dissected,  159. 162 
Dissepiment,  268 
Distichous.  146,  346 
Distinct  stamens,  347 


Distractile,  242 
Distribution     of      fluids, 

819 
Divergent,  217,  224 
Divisions  of  leaves,  1 58 
Dodecahedral  cell,  35 
Dolabrtform,  167 
Dorsal  suture,  260,  292 
Dorsiflxed,  240 
Dotted  cells,  40 
—  vessels,  48 
Double  flowers,  343 
Doum  palm,  96 
Dracaenas,  93 
Drupaceous,  304 
Drupe,  303 
Duct,  48 

Duplicato-deotate,  158 
Duramen,  80 
Duration  of  oalyx,  222 

flhiment,  287 

the  leaf,  135, 192 

roots,  128 


Earthy  constituents,  813 
Ebrecteated,  187 
Eccentric  embiyo,  839 
Effects    of    gases    upon 

leaves,  779 
Egg  796 
Egg-shaped,  166 
Eight-ranked,  146 
Elaborated  sap,  819,  822 
Elaboration    of    cell-oon- 

tents,  760 
Elaters,  360,  369,  790 
Elective  affinity,  802 
Electricity  of  plants,  828 
Elementary  part,  7i9 

—  structure,  21 
Elliptic  cell,  35 
Ellii>tical,  165, 223 

—  parcnchjTua.  44 
EUiptico-lunceolatc,  167 
Elongated  parenchyma,  45 
Kmarginate,  163,  223 
Embracing,  141 
Embryo,  11,  20,  332 

—  buds,  106 

—  cell,  793 

—  nodules,  106 

—  sac,  819,  369,  793 
Embryonal  cell,  365,  368 

—  corpuscle.  369 
Embryotegia,  328 
Emergences,  63 
Empty  bracts,  186 
Knantioblastic,  339 
Endocarp,  291 
Endogenous,  71 

—  stem,  74.  89 
age  of,  96 

anomalous  structm^ 

of,  96 

growth  of,  91,  94 

Endophloem,  86 
Eudopleura,  20,  326,  328 


EndorhloU,  1S9,  811 
Endosmose,  768 
Endosperm,  SO,  331 
Endospore,  870,  788 
Endostome,  331 
Endothedom,  339 
Enaiform.  167 
Entire  calyx,  218 

—  corolla,  326 

—  leaf.  167 
Entomopbiloas,  90 
Epiblema,  50, 133 
Epicalyx,  186,  233 
Epicarp,  391 
Epidermal  appendages,  CO 

—  layer,  387 

—  tiMoe,  54 
Epidermis,  54 

—  functions  of,  761 
Epigeal,  811 
Epigone,  865,  367 
Kpigyuoua.  346,  258;,  348 
Epipetaloos,  246,  348 
Epiphlo^m,  86 
Epiphra^nna.  366 
Epiphytes,  125 
Episperm,  20,  336 
Epithelium,  362 
Equal  leaf.  163 
Equally  pinnate,  168 
E4|uis3ta3e»,   Sft9,  793 
Equitaut.  161,  337 
Erect,217,  224,  236,340 

—  ovule,  318 

—  seed,  335 
Ergot,  376,  376 
E:f«ential  organs,  333,  363 
Etasrio,  306 
Etiolated,  778 
Evergreen,  136 
Exalbnminoa<<,  331 
Exannulate,  357 
Excipulum,  378 
Excrescence,  106 
Excrescent,  193 
Excretion  by  roots,  767 
Excretions,  737 
Excurrent,  110 
Exhalation,  770,  773 
Bxocarp,  391 
Exogenous,  71,  74,  77 

—  stems.  74 
Exorhizal,  129.  813 
Exosmose,  758 
Exostome,  331 
Exothecium.  339 
Exserted,~249 
Exstipulate,  16,  136, 176 
Extine,  253,  794 
Extra-axUlary,    107,    135, 

192 
Extrorse,  238 


Fack  237 

FaU  of  the  leaf.  135,  783 

False  arillus,  329 

Falqe  bark.  90 

False  cyme,  104 
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FarinAoeoo!}  albamen,  333 
FMoiated  brancliM,  1U7 
Fascicle,  US,  209 
Fascicled  leaves,  143 
Fasciculated  root,  HI 
Faux,  219,  226 
Feather-veixied,  153, 168 
Feathery,  220 
Female  apparatua,  793 

—  flower,  20,  789 
Ferni,  3b^  792 
Furn  stems,  97 

—  internal    stmoture   of, 
97 

—  g^wth  by  buds,  98 
FertUe,234 
FertUiMition,  20 
FibrUliform  cdla,  45 

—  tissue,  45 
Fibrils,  67, 122 
Fibro-cellnlar    tissue,   45, 

54     • 
Fibro-Tascular  system,  54, 

70 
of  leaves,  137 

—  tissue,  61 
Fibrous  cells,  42 

—  root,  130 
Fid,  159 

Fiddle-shaped,  161 
Filament,  19,  234,  388 
Filices,  356,  792 
Filiform,  284 
Fimbriated,  224 
Fissiparous,  752 
Fl-isured  calyx,  218 
Fissured  of  leaves,  159 
Five-cleft,  155,  281 

—  ranked,  145,  214 

—  ribbed,  154 
Fixed  embryo,  102 
Flagellum,  112 
Fleshy  albumen,  332 

—  cotyledons,  237 
Floral  envdopes,  215,  352 

—  leaves,  15. 140 
Florets,  200 
Flower,  16,  228 

—  perfect,  19 
Flowering  plantsi,  11. 184 
Flowerless  plants,  9.  184, 

855 
Flower-stallc,  15, 190 
Folded  leaves,  149 
Foliaceoufl,  192,  220,  291, 

337 
FoUoIes,  156 
Follicle,  304 
Food  of  plants,  812 

—  sources  of,  812 
Foramen,  320,  831 
Forked  anther,  242 
Forked  filament,  235 

—  venation,  165 
Furmation  of  cells,  749 
organic  compounds, 

777 

—  —  pollen,  250 
wood,  768 


Formed  material,  750 
Forms    of  antber    lobes, 
242 

cells,  35,  255 

filament,  234 

hairs,  60 

leave*,  167, 168 

peduncle,  191 

petiole,  175 

roota^  180 

settlit,  325 

stems,  1U8 

style,  281 

Fowil  botany,  2 
Fovilla.  18.  255 
Free  c^x,  220,  273 

—  oell    formation,     700, 
761 

—  central,  274,  276 

—  stamens,  247 
Fringed,  224 
Fronds,  97, 184 
Fructification,  373 
Fructose  sugar,  804 
Fruit,  287,  344,  803 

—  dehiscent,  20 

—  indehisccnt,  20 

—  nature,  of,  287 
~  perfect,  290 

—  ripeniag  of,  806 

—  simple,  302 

—  sugar,  804 
Fucus,  386 
Fugacious,  186,  223 
Functions,  748 
Functions  of  bark,  769 
bracts,  786 

epidermal      append-  , 

ages,  764  i 

tbisuo,  761 

e«ential  organs,  787 

floral  envelopes,  785 

glands,  764 

hairs,  764 

intercellular  system, 

764 

laticiferous    vessels, 

761 
leaves,  770 

medullary  rays,  769 

organs  of  reproduc- 
tion, 787 

parenchyma,  749 

prosenchyma,  760 

prosenobymatouB 

cells,  760 

stem,  768,  76^ 

ntomata,  763 

vascular  tissue,  760 

vessels,  760 

Fundamental  organs  of  the 
plant,  13 

Fundamental  tissue;  76 

Fungi,  869 

Funiculus,  316,  824 

Fnnnel-sliapcd,  227 

Furcate,  155 

Fusiform  cell,  36 

—  root^  183 


Galbulub,  314 
Galeate,  221 
Oamopetalous,  324,  826 
Gamosepalnus,  218 
Gaping,  227 
Gemmation,  754 
Gemmule,  12,  333 
General  characters  of  fruit 
290 

—  involucre,  188.  202 

—  morphology,  6,  340 

—  physiology,  748,  813 

—  umbel,  202 
Geniculate,  286 
Geographical  botany,  3 
Geotropism,  883 
Germ-cell,   359,  365,  368, 

793 
Germinal  corpuscles,  797 

—  matter,  32,  750 

—  vesicles,  20,  797. 
Germination,  12,  808 

—  conditions  of,  809 

—  dicotylodonouii,  811 

—  monocoty  ledonous, 
810 

—  time      required      for, 
808 

Gibbous,  321,  280 
Glands,  64,  764 

—  compound,  64 

—  external,  64 

—  internal,  66 

—  sessile,  64 

—  simple,  64 

—  stalked,  64 
Glandular  hain,  64 
Glans,  311 
Globoids,  34 
(Mobose,  220 
Globule,  881,  789 
Glochidiate;  61 
GlflB.)cap8a,  6 
Glomerule,  209 
Glove-shaped,  330 
Glnmellulep,  19C 
Glumes,  190,  196 
Gonidia,  878 
Graftkig,  103 
OranuloM,  30 
Gravitation,  833 
Green  layer  of  bark,  86 
Growing  part^  767 

—  point,  767 
Growth  of  the  bark,  87 

endogenous  stems,  94 

Guard-cella,  57,  763 
Gymnospermia,  11,  7H4 
Gyronospermous,  305,817, 

798 
Gynmostomous,  366 
Gynandrous,  347,  348 
Gynia,  365 
Gynobaae,  880 
Gynobasic,  380 
Oynoecium,  19,  258,  363 
Gynophore,  871,  386 
Gynostemiuni,  347 
Gyration,  758 
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HairR,  60.  7C4 
Halbert-shapod.  167 
Half-adhercut  c»lyx,  272 
HalMuferior  calyx,  272 
Half -superior  calyx,  272 
Half<«qiiit4Uit,  lAl 
Hastate,  167 
HaBtote-aorided,  167 
Haostoria,  370 
Head  of  flowent,  200 
Heart-ehapcd,  165 
Heart-wood,  81 
Heat  of  plants,  826 
Helicoid  cyme,  20C,  208 

—  dichotomy,  104 
Heliotropiam,  832 
Helmet-ehapcd.  221 
Hemialbumosv,  86 
Hemicarp,  311 
Hepaticaceas,  366,  790 
Herbs,  109 

Hermaphrodite,  233,  364 
Hesperidium,  309 
Hetcrocysts,  383 
Boterodromoiis,  147 
Heteroi)hyllous,  167 
Heterorhixal,  13U 
Heterostyled,  801 
HeterotropoQB,  323 
HexapetalouB,  22A 
Hidden-veined,  ISl 
Hilunj,  29.  31 B,  324 
Histolojo',  1,  21 
Honioblastic,  339 
Homodromous,  147 
Homologoii;^  211,  341 
HomotropouB,  340 
Hooded.  221 
Hood-8ha])ed,  167 
Hooked  hiirg,  61 
Horizon  I  111  o«  ule,  318 

—  system,  54,  70 
Homed  orangfA,  310 
Homy  al»mm'»n,  832 
Hor^etaUis  859.  792 
Hybridation,  801 
Hybridisaf  ion,  8U1 
Hybrids,  801 

—  production  of,  801 
Hybrid  alK«e,  802 

—  ferns,  8')2 
Hynieuiam,  374 
Hyimnthodium,  191 
Hyi)haB,  45 

Hvpocraterifomi)  227 
Hyi)oderma,  46,  139,  371 
Hypogeal,  811 
Hypojonoufi,  246.  258 
Hypothecium,  378 


iLLKGirrMATK  fertilisa- 
tion. 801 

ImbrioHte,  150,  214 

Imbricated  e«tivatJou,  212, 
213 

Impariptnnate,  168 


Imperfect  flower.  352 

Impregnation,  788 

1  naot  ive  i-pore,  7i<8 

IncisioQ  of  leaves,  158, 
167 

Included,  249 

Incomplete  flower,  847 

Incumbent,  338 

Incurved,  236 

Indetinite  inflorracencc, 
194,211 

Indefinite  vascular  bun- 
«<le<,  72 

Indehlscfnt  frait.  20,  293 

Independent  movement, 
83^1 

Indf-terminate  inflores- 
cence, 193,  IJH 

Indian  fig-tree,  125 

Individuiaj  peculiarities, 
102 

Induplicate,  150,  213 

Indnsium.  282,  357,  374 

luduviflB.  136 

Induviate,  135 

Inferior  calyx,  220,  272 

—  fruit,  290 

—  ovary,  220,  272 

—  radicle,  340 

—  gyncarpous  fruit,  310 
Inflexed,  149 
Inflnresc^nc.  16. 184, 193 

—  definite,  193,  202 

—  determinate.  193,  202 

—  indefinite.  193 

—  indeterminate,  198 
Infra-axillary,  13*6 
Infrutesocnccs,  314 
Infundibulifurm,  227 
Innate.  240 

Inner  bark,  86 
Inorganic      constituents, 

813,  816 
Insertion   of  leaves,  140, 

192 

8tAinen«,  246 

Inside  growers,  71,  91 
Integuments  of  seej,  20, 

825 
lutegumeutum     simplex, 

320 
Intercellular    canals»    67, 

764 

—  passages,  68 

—  spaces,  68,  764 

—  substance,  69 

—  system,  67,  764 
Interlacing  tissue,  45 
Internal  embryo.  339 
Internal  membrane,  828 
Intemodes,  15.  99, 135 
Interpetiolar,  178 
Interrui>tedly  phiuate,  169 
Intine,  253,  794 
Intnicellular    circulation, 

758 
Intrafoliaceous,  177 
Introrse,  238 
Inversely  egg-shaped,  165 


Inversely  heait-ehaped ,  166 
Inverse  ovule,  818 

—  seed,  82d 
Inverted  embryo,  S40 

—  ovule,  S28 
Involuoel,  188.  202 
Involocie,    188,  232,  867, 

860 
Involute,  150 
Irregular,  218,  219 
-  flower,  347 
Irregularity,  854 
Irritability,  832 
Irritable,  833 
Isomerous,  846 
Isostemeaous,  245 


Joist,  173 

Jointed,  99 

Jugnte,  nni-,  168,  170 

—  bi-,  168 

—  tri-,  168 

—  multi-,  168 
Juugermannia,  7 


Ekkt^  226 
Kernel,  20,  825,  880 
Kidney -shaped,  166 
Kind«  of  cclL*,  43 

fruit,  801 

inflorescence.  188 

peduncle,  190 

placentation,  274 

stems.  111 

stipules,  177 

Kingdom,  animal,  1 

—  mineral,  1 

—  vegctoble,  1 
Kno»\  106 
Knots,  1U2 


Labute.  219,  227 
Laciniated,  160 
Lomcllie,  374 
Lamina,  15,  135 
Lanceolate,  165,  233 
Large  spores,  861,  8<>3»  791, 

792 
Lateral  style,  279 
Latex,  52,  761 
Latex-sacs,  53 
Laticl(eruU9  ttssae,  761 

—  vessels,  52,  761 
Lattice  cells,  52 

Laws  of  phyliot<«xi8. 148 
Layering,  103, 113 
Leaf-amEUigemcnt,  143 
Leaf  buds,  14,  99 

—  defined.  15,  134,840 

—  development,  783 
Leaf-stalk,  15, 13d,  172 
Leaflets,  156 

Leafy  bracts,  186 

—  fmit,  291 

Leaves  of   acotyledooous 
plants,  184 
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Leares  of  diootyledonoas 
plants,  18» 

—  —    inonocotyledonoiiB 
plants.  ItUt 

Legitimate      fertilisation, 

8U1 
LefHinic,  802,  303 
LenKth  of  filament,  336 

gcnuinati  n,  80tJ 

Lentiocls,  87 

Lenticular  glandii,  87 

Lepidotc,  63 

LianaH,  HjH 

Liber,  86 

Liber  cells,  47 

Lichencs.  378 

lAcheua,  378 

Lid,  800 

Life  of  the  plant,  812,  817 

Li^in,  32,  804 

LigolatH.  228 

Ligule,  175 

Limb,  21i>,  223,  228 

Linear,  16),  167,238,242 

Liuear*lanceolate,  ltf7 

Linguiform,  167 

Lip))cd,  227 

Lirelleo,  378 

Litbocvsta,  33 

Liverworts,  7,  866,  7»0 

Lobed,159 

Lolx«  of  leaven,  158,  237 

Loculi.  237,  2GH 

Loculicidal.  395,  296 

Locn:ita,  196 

Lodiculse,  190 

Lomentacoas  308,  809 

Louieutum,  3U3 

liongitudinal    dehiscence, 

244 

—  system,  54,  70 
Luminosity  of  plants,  827 
Innate,  167 

Ly coped  iaoeffi,  863,  781 
Lycopodinm.  1(63 
Lsrmpbatic  haii-s,  68 
Lyrate,  161 
Lyrately-pinnate,  170 
I^rre-shaped,  161 


Mack,  839 
Macropodous,  336 
Macrosporangia,  863,  791 
Ifacrospores,  368,  791 
Male,  30,  789 
Male  apparatus,  793 
Halting  of  barley,  810 
Moiigrove-tree,  125 
MaroeMsent,  223,  333 
Marchantia,  7,  755 
Margfinal  placenta,  874 
Margintof  leaves,  185, 157, 

167 
Marginal,  374 
Marginate.  337 
Marnilea,  360 
Marsileaoete,  860,  791 


Masked,  328 
Me«Iy  albumen,  333 
Median  prolitication,  288, 

344 
Me<lnlla,  76,  768 
Medullskry  rays,  83 
f unctiuns  of,  7C9 

—  sheath,  77 
Mejnu»pores,  791,  793 
Meiostemenons,  345 
Melanophyll,  26 
Membranous,  230 
Mericarp,  2U7,  311 
Merismatic,  753 
Meristem,  753 
Meros,  846 
Mesocarp,  291 
Mesophlocm,  86 
Moaopbyll,  188 
Mesothccium,  239 
Metabolism,  822 
MetamorphoHis,  344 

—  a:«cending,  344 

—  de&oendlng,  344 

—  direct,  344 

—  retrograde,  344 
Metastosiij,  822.  823 
Micropylar  anllus  330 
Micropyle,  319,  320,  331, 

334 
Microsporaagia,  868,  791 
Microsporeii,  361,  363,  791, 

792 
Midrib.  151 
Milk  Ycssels.  52 
Mixed  inflorescence,  210 

—  formation  of  leaves,  784 
Monuoelphous,  348,  84S 
Mouandrous,  246 
Muuilifonn  hairn,  61 

—  root,  183 
Monochasial,  208 
MonocULam>deous,  17, 223, 

352 
Monocotyledonee,  12,  333 
Monocotyledonous,     383, 

335 

—  germination,  810 

—  leaves,  183 

—  roots,  129 

—  stem,  74,89 
MonoedouB,  233,  853,  864, 

367 
Mouogyoons,  265 
Mouopetalous,    334,    336, 

337,  348 
Monopodial  branching.  103 
Monosepalous,  318,  348 
Monospermous,  335 
Monstrosities,  843 
Morphological  botany,  1, 5 
Morphology,  5 
— ,  general,  6,  840 
Mosses,  8,  863,  790 
Mother  cells,  351 
Movements  in  celU,  758 

—  of  plants,  830 
not  periodical,  831 , 

834 


Movements  of  plants  peri- 
odical, 830. 834 

—  of  protoplasm,  34 
Mucilaginous  albumen,  883 
Mucor,  6 

Mucronate,  163 
Mules,  801 
Multicostate,  154 
Multlfld,  159,  381 
Multifoliate.  171 
Multijugate.  168 
Muitilooukir,  369 
Muitiovulate,  318 
Multiple  corolla,  331 

—  fruits,  304,  313 
Multispermouft,  335 
Multivalvular,  394 
Muriform  parenchyma,  45, 

84 
Musci,  868,  790 
Mushrooms,  869 
Mycelium,  873 
Myosiu-globulin,  35 


Nakrd  bud,  100 

—  bulb,  118 

—  flower,  17.  353 

—  mouthed,  366 

—  nucleus,  330 

—  ovule,  817 
Napiform  root,  133 
Natural  liistory,  1 

—  ordoi,  356 

—  preference,  803 
Nature  of  carpel,  360 
Neck,  130 
Necik-oell,  795 
Necklace-shaped,  61, 133 
Nectariferou!*  glands,  67 
Nectaries,  67,  233 
Needle-shaped,  164 
Negative  geotropism.  833 

—  heliotropism,  833 
Nervation,  151 
Nerves,  134, 137 
Netted- veined,  153 
Neuter,  333.  352 
Nltelhe,  759 
Node,  135 

Nodes,  13,  99 
Nodulose  root,  133 
Non-adh«*ent,  330 
Non-artioulatcd,  136 
Non-periodical       more- 

ments,  831,  834 
Normal  buds,  104 
Nostoc.  383 
Nucleoli,  86 
Nucleus.  35,  836,  330 

—  of  seed,  30 

starch,  39 

Nnculanium,  810 
Nucule,  381,  383,  789 
Number  of  ovules,  317 

stamens,  346 

Nursing  leavei,  140 
Nut.  311 

Nut-like,  311 
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Obcordatb,  166 
ObUqae  leaf,  163 
Oblongr,  166,  323,  242 
Oborate,  169 
Obaolete,  220 
Obtose,  162 
Obrolute,  161,  337 
Ochrea,  177 
OctapetalouA,  225 
OctastichouB,  146 
Odours  of  plan  to,  834 
(Edogonium.  388,  756 
CEuothera,  755 
Offset.  112 
Oily  albumen,  832 
Omphalodiura,  324 
Oogonla,  370,  378,  888 
Oopboridia>  791 
Oosphere,    9,     370,     880, 

795 
Oosporanfria,  791 
Oospore,  888,  389 
Open  rascular  bundles,  72 
Opercular.  245 
Opercular,  222,  254,  300 
Operculum,  300,  366 
Opposite  leares,  142, 147 

—  stipules,  177 
Orbicular,  167 
Organic  constituents,  813 

—  compounds,  777 

—  creation,  1 
Organisable  matter,  749 
Orgauography,  1,  5 
Organs   of   nutrition,  13, 

69,  765 
reproduction,  13,  15, 

184,  785,  787 

vegetation,  13,  765 

Origin  of  endogenous  stem, 

91 

placenta,  276 

stomata,  763 

Original  cell  fonnation,  760 
Ortliotropous,  321 
Oscillatoria,  6 
Osmose,  767 
Ostiolc,  379 
Outer  integument,  326 
Outline  of  leaves,  168 
Outside  growers,  71 
Oval,  165,  242 
Ovary,  19,  259,  271 

—  compound,  271 
«—  simple,  271 
Ovate,  166.  223 

—  -lanceolate,  167 
Ovulary  spore,  792 
Ovule,  19,  316,  361,  791 


Palsontoloqical    bo- 
tany, 2 
Palate,  228 
Paleee,  190,  196 
Pales,  190, 196 
Palisade  parenchyma,  139 
Fftlmate,  161, 171 


Palmated  root,  131 
Palmately  cleft,  161 

—  veined,  154, 168, 170 
Palmatifid,  161 
Palmatipartit«,  161 
Palmatisected,  161 
PalmcUa,  749 
Pahduriform,  161 
Panicle,  200 
Panicled  corymb,  198 

—  cyme,  206 
Papilionaceous,  226 
Papillae,  64 
Pappose,  220 
Pappus,  220 
Parallel  chorisis,  350 

—  fonnation  of  leaves^  784 
veined,  153, 155 

—  venation,  164 
Parapbyses,  364,  374,  877, 

378,  387 
Parasites,  126 
Parenchyma,  44 

—  of  leaves,  137, 138 
— ,  varieties!  of,  44 
— ,  functions  of,  749 
Parenchymatous  cells,  37 

—  system,  54,  70 
Parent  cells,  251 

,  special,  251 

Parietal      cell-formation, 

752 

—  placenta,  274.  275 
Paripinnate,  168 
Partial  dehiscence.  308 

—  involucre,  188,  202 

—  petiole.  156,  173 

—  umbel,  202 

Partite,  159,  218,  223,  226, 

281 
Partitions,  159,  268 
Parts  of  the  flower,  911 

stem,  768 

Patulous,  217,  224 
Pectic  acid,  805 
Pectinate,  160 
Pectine,  806 
Pectoee,  805 
Pectosic  ftcid,  806 
Pedate,  162,  171 
Pedatifld,  162 
Pedatfpartite,  162 
Pedatisected,  162 
Pedicel,  15. 190 
Peduncle,  16, 190 
— ,  duration  of,  192 
Peloria,  230 
Peltate  hairs,  62 

—  leaves,  141 

—  ovule,  318 
Pendulous,   110,  236,  318, 

325 
PenicilUnm,  6 
Peutastichous,  146,  214 
Pepo,  312 

Pepperworts,  360,  791 
Perennial  leaves,  135 

—  roots,  128 
Perfect  fruit,  290 


Perfoliate,  14S 
Perianth,  17,  216 
Periblem,  120 
Pericarp,  20,  290 
Periohtetial,  368 
Periderm,  86 
Perigone,  864.  MB 
Perigonlal,  868 
Perigynoua,  S46,  S58,  848 
Periodical  movemoits,  830, 

884 
Peripheral,  868 
Peripherical,  889 
Perisperm,  881 
Peristome,  866 
Peritheda,  876 
Persistent^  186,  176,  187. 

198,  222,  233.  280 
Personate,  228 
Petaloid,  17,  216,  320,  285^ 

282 
Petals,  17,  328,  343 
Petiolar  stipolea,  177 
Petiolate,  141 
Petiole,  16,  185. 173 
PeUolnle,  166, 178 
Peziia,  377 

Phsenogamona,  11, 1S4 
Phanerogamooa,  11, 184 
Phelloderma.  86 
Phellogen,  88 
Phlogm,  73 
Phragmata,  369 
Phycocyan,  36 
Phycoerythrin,  26 
Phycomycetea,  370 
Phyllarioa,  188 
PhyUoclade,  193 
Phyllocyanin,  781 
PhyUode.  180,  181 
Phyllodla,  180 
PhyUotd  peduncle,  193 
Phyllome,  15. 134,  783 
PhyUoUxis,  143 

—  of  natural  orders.  148 
Phyllozantbein,  781 
PhyUoxanthin,  781 
Physiological    botany,  1. 

748 
PhysioloRy,  746 
— of  the  elementary  stnio> 

turea,  749 

—  of  tiio  root,  765 
Phytons,  103 
Pileorhiza,  181,  767,  796 
PUeoa,  878 

Pilose,  330 
Pilularia,  361,  363 
Plnnie,  168 
Pinnate,  168 

—  with   an    odd    leaflet, 
168 

Pinnately-veined,  153, 168 
Pinnatifld,  160,  328 
PinnaUpartite,  160,  333 
Pinnatisected,  160 
Pinnules,  170 
Pistil.  19, 358 
Pistillate,  SO,  Sil 
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PiittniidlA.  361.  S63,  867, 

789,  790,  791 
Pitchers.  183 
Pith,  76 

— ,  fanctionn  of.  76S 
Pittc«l  cellular  tiasue,  45 

—  ceUt*,  40 
~  tissue,  48 

—  TemelR,  48 

PlarentA,  19,  259,  262,  274 
PUcentatfon,  274 
Placentiferous,  298 
Placentiform  root,  133 
Placentoid,  S39 

Plant  in  action,  817 
Plantu,  odoun  of,  834 
Plaited.  149,  218 
PlasDiodlnro,  2 
Plerome.  120 
PUcate,  149, 213 
Plnmoee,  220 
Plumule,  12,  383,  836 
Pod,  8U2 
Podptiuro,878 
Podium,  108 
Pollarded  trees,  105 
Pollen,  18,  250,  793,  794 

—  cells,  18.  251,255 

—  derelopment  of,  251 

—  grains.  18 

—  sporangia.  791 

—  structure  of,  258 

—  tube,  256 
Pollination,  20 
Pollinia,  252 
PolyadelphouK.  248 
Polycotyledonous,  387 
Polyembryonic,  336 
Polygamous,  233 
Polygonal  cell,  35 
Polypetalons,  224 
Polysepalou^  218 
Polystemenons,  245 
Pome,  313 

Pore,  254,  379 
Porous  cells,  40 

—  dehiscence,  244,  294, 300 
Position  of  OTules,  818 

—  —  ttamen%  246 
Positive  geotropism,  883 

—  heliotropism,  832 
Prefloration,  151,  211 
PrnfoUation,  148 
Pnemorse  leaf,  163 

—  root,  134 
Prepotent,  809 
Presenring  seeds,  807 
Prickles,  63 
Primary  axis,  190 

—  meristem,  767 

—  root,  120 
Primine,  815,  331,  796 
Primordial  ceU,  21,  797 
Primordial  leaves,  140,  810 

—  utricle,  25 
Prismatic  cell,  86 

—  leaf,  167 

Prooess  of  germlnatioD,  809 
Procombent.  108 


Pniduction  of  hybrids,  8^)1 
Pro-embryo,  356,  789,  796, 

800 
Progressive.  203 
Prolifenma,  l'"«5 
Proliflcatiou,  344 
Prosenchyma.  46 

—  functions  of.  760 

—  varieties  of.  46 
Prf>8encliyniatou8  cells,  37 
Prostrate,  108 

Prutcirl  grains.  32 
Proteine  crystals  33 
Prothallinm,  356,  35A.  3G6, 

790 
Prothallu?,  356 
Protococcus,  fi.  749 
Protoneraa,  366.  790 
Protoplasm,  23,  749 

—  movemerit^  of,  24 
Protruding.  249 
Pseud-axiH.  104 
Pseudo-bulb,  1(»8 
P««eudocan),  197,  314 
Pseudo-embryo.  791 
Pseudo-parenchyma,  46 
Puccinia,  371 
Puffball,  756 
Pulvinus,  174 
Pnnctum  vegetationis,  92, 

767 
Putamen,  291,  292 
Pyonldia,  379 
Pyramidal  Inaf,  167 
Pyxis,  308,  311 

QUADRIFOLTATK,  171 

Quadrifurcate,  242 
Qna<iril(x>nlar.  237,  269 
guadrinate,  171 
Quinary,  214,  346 
Quinato,  171 

Quincuncial,  145,  213,  214 
Quinquccostate,  154 
Qninquedt'Utate,  219 
Quinquefid,  159,  161,  219, 

281 
Quinquefoliate,  171 
Quinquelocular,  269 
Quinqueovulate,  317 
Quinquepartite,  219 
Quinquespermous,  325 
Quintuple-ribbed,  154 
Quintupli-costate,  154 

Racbmb,  198 
Racemose,  104 

—  corymU  199 

—  cyme,  306 
Bachis,  173, 191 
Radiated  veined,  153, 154, 

168 
Radical  leaves.  140 

—  peduncle,  191 
Radicle,  12,  332 
Ramal  leaves,  140 
Ramenta,  63 
Bamaitaoeoos  hairs,  63 


Bamifloation,  103 
Ramiflcd  cells,  43 
Raphe,  333 
Raphian  arillus,  330 
Rar>hides,  31 
Raphidiferrms,  33 
Raphia-bcaring,  32 
Rapidity    of    oell-produo 

lion,  756 
Receptacle,   16,   191,    257 

285.  873,  386 
Receptacles   of   secretion, 

68,  765 
Reclinate,  149,  387 

—  ovule,  31 H 
Rectiscrial,  147 
Recurve*!,  236 

Red  Rnow  plant.  6,  749 
Reduplicate,  213 
Refloxwl.  217,  224 
Regina,  308 
Regressive,  203 
Regular,  n8,  219.  225,  236 

—  bud^  104 

—  flower,  347 

—  narenchyma,  45 
Rejuvenrsoence,  756 
Relative  length,  249 
ReliquiiBi,  135 
Renewal  of  cell,  756 
Renlform,  166, 167 
Replum,  270,  299,  309 
Reproduction  of : — 

—  Acotyledonous    plants^ 

787 

—  Algsp,  788 

—  Angiospermin,  796 

—  Chareoete,  789 

—  Cormophyten,  789 

—  Cotyledonous      jilants, 

793 

—  Cryptogamoos     plants, 

787 

—  Equisetacec,  793 

—  Filicea,  793 

—  Gymnospermia,  794 

—  HepaticacesB,  790 

—  Lycopodiacese,  791 

—  Marsileaoete,  791 

—  MusoL,  790 

—  Phanerogamous  plants, 
793 

—  ThaUophytes,  787 
Reproductive  Organs  of:— 

Acrogens,  856 

Algae,  383 

ChanusesB,  881 

Cormophytes,  356 

Bquisetacese,  859 

Filioea,  856 

Pnngi,  869 

Hepaticacete,  866 

Liohenes,  878 

Lycopodiaoea^  869 

MarrileaoesB,  860 

Mosci,  863 

Thallopbytea,  869 

Respiration,  3,  775,  899 
Resting  spores,  788 
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Reticalated  cella,  43 

—  veined,  \!ti 

—  vessels,  51 
Betiiiivcal&,  253 
Betroserrote,  158 
Retuse,  103 
Revolute,  150 
Rhlzoid,  789 
Bhizome,  114 
Ribbed  veuation,  154 
Ribs,  151 

Rind,  f  aUte,  90 
Ringed  cells,  43 
Ringent,  227 
Ripening  of  fniits,  806 
RoUed  leaves,  149 
Root,  13,  120,  765 
Root-cap,  121 
Root-hairis  57,  122 
Rootlet,  789 
Root- pressure,  766 
Root-sheath,  126,  811 
Roototock,  114 
Rosaceous,  226 
Rotrtellum,  253 
Rotate,  227 
Rotation,  758 

—  of  crops,  816 
Rounded  leaf,  167 

—  lobea,  842 
Roundish  ovate,  167 
Round  parenchyma,  44 
Ruminated,  332 
Kuncinate,  161 

R  inner,  112 
Rupturing,  300 

Saccate,  221,  230 
6aKitt«t«,  167,  242 
Salver-^a^ied,  227 
Balviiiia,  362 
Samara,  307 
Sap,  2o,  819 
Saprophytes,  127 
Sap  wood,  81 
Sarcocarp,  291 
SanxKlemi,  326 
ScaUrifomi  vessels,  51 
Senior,  62.  100.  187,  190 
Scaly  bracts,  187 

—  buds.  100 

—  bulb.  118 
Scape,  191 

Boars  of  leaves,  135, 173 

—  ferns,  97 
Bchiiocarp<«,  297 
Bcleruuchyma,  78 
Sclerogenous,  40 
Sclerotium,  375 
Scorploid  cyme,  206 
Bcorpioid  dichotomy,  lOi 
Scurt,  62 

Seaweeds,  382 
Secondary  axis,  190 

—  embryo-sacs,  795 

—  medullary  rays,  84 
■—  imxlucts,  823 

—  root,  123 
SeoreUon,  82i 


Secretions,  778 
Secte  1,  159,  223 
Secundine,  321.  796 
Seed.  20.  316,  324,  806 

—  preservation  of.  807 

—  transportation  of,  807 

—  vitality  of,  806 
Seed-bud,  316 
Seed-leaves,  12 
Seed-nucleus,  325 
Segment  cell.  769 
Segments,  159 
Selecting  iwwer  of  roots, 

766 
Semi-anatropotis,  323 
Seminal  leaves,  140 
Seminude  ovule,  317 
Sepals,16,  215.  841' 
Soptemfid,  159 
Septemfolhte,  171 
Septenate,  171 
Septicidal,  295 
Septifrugid,  295,  297 
Seriess  144 
Serrate,  158,  223 
Serrulate,  158 
SesMle  anther,  834 

—  flowers,  198,  259 

—  leaves,    15,    136,     141, 
172 

—  ovary,  271 

—  ovule,  316 

—  seed,  324 

—  stigma,  283 
Seta,  365 
Setaceous,  63 
Sotse,  63 
Setose,  63 

Sexual  filament,  388 
Sexuality  of  plants,  787 
Sharp-pointed,  163 
Shentli^  135,  175 
Sheathing,  142 
Shield-like,  62 

—  .c  118,381 

shaped,  141 

Shrubs,  109 
Sieve  cells,  52 

—  tubes,  52 

—  vessels,  52 
Silicula,  309 
Siliqua,  309 

Siliquseform  capsule,  809 
Silver-grain,  85 
Simple  corolla,  231 

—  corjrmb,  199 

—  fruits,  290 

—  gyucBcium,  265 

—  hairs,  60 

—  leaves,  136, 156 

—  ovarr,  271, 273 

—  petiole,  173 

—  pistil,  259 

—  spiral  vessels,  49 

—  style.  281 
Simultaneous        TMCuIar 

bundles,  74,  97 
Sinuatcd,  158 
Sinacee,  248 


Size  of  cells,  88,  305 

exogeiDons  trees,  88 

Skeleton  leaves^  138 
SlitB,254 

Small  spores,  861.  3«3 
Sobole^  115 

Solitary    axillary   flower, 
194 

—  terminal  flower,  808 
Solubility,  800 

Sored  ia.  380 
Sort,  357 
Nirosis,  315 
Sonroes  of  food,  813 
Spadix.  196 

Spathaceona  bracta,  189 
Spathe,  189 
SpatheUie,  189 
Spathulate,  165 
Spawn,  735 

Special   functions   of  the 
stem,  768 

—  phenomena,  826 

—  physiology,  748,  749 
Specific  identity,  108 
Spennatia,  371,  380 
Spermatophore6«  380 
Spermatozoida,  382 
Sperm-cella,  359,  864,  793 
Spermoderm,  386 
Spermogonia,  871,  879 
Spermophore,  274 
SphaceliiK  375 
Sphaeraphides,  33 
Splialerocarpiam,  315 
Spherical-c^  35 
Spike,  195 

Spiked  cyme,  806 
Spikelet,  196 
Spine,  110 

Spines  of  leaves,  179 
Spiral  cells,  48 

—  aestivation,  212;  SIS 

—  vernation,  150 

—  vessels,  49 
Spirogyra,  383 
Spongelet,  181 
Spongiform    pareuchyaia, 

45 
Spongiole,  121 
Sporangium,  357,  861.  363, 

365,  368,  7S8 
Spore-  prodacing  8tmct«re, 

373 
Spores,  355 
Sporocarp,  860 
Sporogoniam,  790 
Spr^ding  brancbc«,  110 
Spur,  230 

Spurious  fmit,  808 
Spurred,  281,  230 
Squanue,  187 
Squamous,  187 
Squamube,  190 
Stalk,  878 
sulked,     141,    »l,    871, 

384 
StalUeta,  156, 178 
Btameiu^  18, 384,  S4«,  Ui 
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Stomijwte,  30,  36S 
Staiiiiuodec,  234 
Standard,  226 
Starch,  4,  27 

—  grannled,  28 

—  nucleus,  29 
Starchy  albaruou,  33S 
Stellate  haira,  61 

—  o«ll,36 
f^tem,  13,  768,  769 

—  defined,  69 
Stomlesrt,  70, 
Sterigmata,  380 
BterUe,  234 

Stigma,  19,  269,  264,  283 

Stin»r,  H6 

Stipe,  97, 109,  373 

Btifiellate,  176 

Stipel«,176 

Stipitate,  221,  271 

Btlpular,  lAl 

Stipulate.  176 

Btipule«,  lA,  135,  176 

Stolon,  113 

StoloDiferouf,  113 

Stoma,  57,  366 

StomatA,  57,  763 

Stomateis  57 

Stone,  291 

Stone-fruit,  303 

Storing  o(  nutriment  by 

niota,  767 
Straight-veined,  156 
Strap-shape<l,  228 
StrobUe,  197.815 
Strobllua,  197,  315 
Strophiolea,  329 
Structural  botany,  1,  5 
Structure  of  anther,  238 

carpel,  261 

ovule,  319 

pollen,  253 

seed,  325 

Struma,  174,  866 
Style,  19,  259,  262,  379 
Stylopodium,  258 
Styloifporets  379 
Suberoiu  layer  of  bark,  86 
Sub-hybrids,  801 
Snb-hy menial  layer,  874 
Submersed  leaves,  137 

Htructure  of,  139 

Sub-rotund,  167 
Subterranean  stems,  115 
Subulate,  164 
Succulent,  15, 135, 139 
Sucker,  114 
Simimit  growers,  73 
Superior  calyx,  230,  372, 

348 
Superior  fruit,  290 

—  ovary,  220,  373 

—  radicle,  840 

—  syncarpons  fruits,  807 
Superposjd,  319 
Supcrvolute,  151 
Suppre«.<ion,  353 
Supra-axillary,  185 
8nzculoic,114 


Surface  of  style,  281 

testa,  326 

Suspendwl  ovule,  318 

-  seed,  325 
Suspcnsor,  834,  796,  800 
SuturaL,  244,  295 
Sutun>!S  237,  l;93 
Hyoouuf,  316 
Symmetrical  flower,  345 
Symmetry  of  flower,  345 
J<ymi»odial,  lOJ 

Sym  podium,  104 
Synunthcrous,  248 
Synairjjou**,  3-18 

-  fruits,  29.),  3«J2,  3  « 
—  pistil,  19,  265.  267 
SyngeneHioui*,  248 
Synochreatc.  1 77 
Systematic  botany,  3 


Tabular  cellA,  36 

—  par^'uchyma,  45,  84 
Tailwl,  287 
Taper-pointed,  163 
Tap-root,  125 
Tegrnen,  2'»,  326,  328 
Ti>gmenta,  lul.  177 
Tela-contexta,  45 
Telcutoriporeis  373 
Toiidril,  111 
Tendrils  of  leaves,  180 
Teratology,  «48 
Termiual  influx  uecenoe,  303 
Ternary,  346 
Ternate,170 

Tertiar>-  axU  190 
Testa,  20,  326 
Tetradyuamons,  350 
Tetragonal,  346 
Tetramcrous,  346 
Tetrandrous,  246 
Tetrapetalou^  228 
Tetnuepalons,  218 
Texture  of  t(«ta,  326 
Thalamium,  378 
Thalamus,  16,  357,  285, 354 
Thallogena,  7 
Thalknne,  7 
Thallopbytes,  7 
Thallua,  7 
Theoae,  357, 369 
TheorKioal    stmoturo   of 

the  flower,  340 
Tt«>m,  110 
Three-ranked,  146 

—  cleft,  159,  219,  281 

—  ribbed.  154 
Throat.  219,  226 
Thyr8e,300 
Thyrsus,  300 
TigeUc,  338,  336 
Toothed,  168,  318,  236, 335 
Torus,  367,  286 
Tracben,60 

—  spurious,  62 
Trachenchyma,  50 
Trama,  874 
Transturniation,  364 


Transmission,  767 
Transpiration,  770 
Transplanting.  765 
Tramtporting  wmhIs,  8:>7 
Transverse        dehlsoenoe, 
244,  294,  299,  308 

—  chorisis,  350 

—  ovule,  833 
Tree,  109 
Triadelphous,  248 
TriandrouH,  246 
Triangular,  346 
Trio  homes,  60 
Tricocoous,  297 
Tricoetate,  164 
Triilcut;«te,  319 

Trifld,  169, 161, 219, 281, 283 
TrUuiiate,  17i> 
Trigonal,  346 
Trigjnous.  266 
Tri  jugate,  168 
Trilottate,  283 
Trilocular,  268 
T.  lUierou^  346 
Trimorpblc,  8Ul 
Triovulate,  817 
Tripartita,  16.0, 161,319, 381 
Tripetalons,  236 
Tri  pinnate,  170 
TripinnaUfld,  160 
Tripiuuatipartitc,  160 
Tripinnatlseoted,  160 
Triple-ribbed,  164 
TripHoostate,  164 
Trisected,  169 
TriMspalouM,  218 
Trispermous,  836 
Tristichoua,  hU 
Tritemate,  173 
Trivalvulnr,  294 
True  arillus,  329 

—  fruit,  803 

—  nutted  venation,  164 

—  r^hides,  33 

—  root.  120,  129 
Truncate,  163 
Truncated  root,  134 
Trunk,  109 
Tryma,  310 
Tube,  319,  336 
Tuber,  116 

Tuberculated  root,  130 
Tuberoule,  130 
Tubular,  330,  324,  226 

—  l#»af,  167 
Toft^  143 
Tufted  leaves,  148 

—  root,  131 
Tunic,  118 
Tunicated  bulb,  118 
Turpentine  vessel',  69 
Twining,  109 
Twisted  flostivation,  218 

—  root»184 

—  vernation,  160 
Two-clcfr,  169.  281 
Two-raoked,  145,  346 
Tyloae8,49 
Tympanum,  866 


848      I5DEX  TO  STRUCTUBAL  AND   PHTSIOLOGICAL   BOTAKT. 


XJMBET,  201 

TJmbeUlferous,  208 
Umbellule,  202 
Uncinate,  6  L 
TJnderehrub,  109 
Undulated,  168 

—  growth,  354 
Unequal  leaf,  163 
UnequRlly  pinnate,  168 
Unguicnlate,  223 
Ungui^  223 
Unljugate,  168,170 
Unilateral,  208 
Unilocular,  237,  269,  290 
Union  of  stamens,  247 
Uniparous,  208 
Unisexual,  20  ,238,  3^2 
Univalvular,  294 
Unlining,  348 
Unsyrometricjd,  346 
Uovili,  106 

Urania,  767 
Uroeolate,  220.  227 
Uredo-fruita,  372 
Uredo-sporea,  372 
Urn-shaped,  167,  227 
Utricle,  304 

—  primordial,  26 
Utricular  resselfl,  48 


Vaoika,186,  176 

Vaginnl.  161 

Yaginulc,  366,  368 

Valvate,  160,  212 

Valves,  293 

ValvnUir  dehiscence,  245. 

294 
Varieties  of  bracts,  187 


Varieties    of  phyllotaxda, 

144 
Vascular  bundles,  73 

,  cksed,  73 

y  definite,  72 

,  indefinite.  72 

,  origin  and  growth 

of,  72-74 

,  progressive,  72 

y  simultaneous,  74 

—  plants,  7 

—  tiasue,  48 
Vasiform  tissue,  48 
Vaucheria,384 
Vegetable  mucilage,  749 

—  respiration,  776 
Veil,  374 

Veins,  134, 137, 151 
Veinlesa,  161 
Veinlet«,  161 
Venation,  138, 161 

—  of  acotylcdonous  leaves, 
166 

— ,  varieties  of,  162, 153, 164 
Ventral  ratore,  260.  292 
Vernation.  148,  211 
Verrotile,  240 
Vertical  system,  64,  70 

—  chorisis.  860 
Verticil,  142 
Verticillaster,  209 
Verticillate,  142 
Vesicles,  germinal.  20 
Ve:4icular  vessels,  63 
Vessels,  48 

—  functions  of,  760 
Vexillary,  214 
Vexillura,  214.  226 
Vital  force,  24 


Vitality  of  seorls,  806 

ViteIlin•globalix^  M 

ViteUns,  328 

Vittie,  69 

Volatile  conatitaents,  813 

Volvo]^  3 


Wall  of  pollen-cell,  253 

Waidian  caaea,  TOO 

Wart«,65 

Watery  mp,  819 

— vaponr.exhalati'^n  ot  7Ti> 

Wavy,  168 

Wedge-shaped,  165 

Weeping,  110 

Wheel- shaped.  227 

Whorl,  142,  354 

Whorled,  142,  147,  194 

Wing,  176,  228 

Winged.  175,  827 

Wood-cella,  47 

Wood,  stmcture  of.  77 

—  formation  of,  768 

—  functions  of,  768 
Woody  fibres,  43 

—  parenchyina,  91 

—  tissue,  47 

of  the  liber,  47 

Xaxthic.  788 
Xylem,  72 

ZONRR  of  wood,  77 
2;oogonidia.  385 
Zoospores,  385,  388.  756 
Zoothec«e,^4 
Zygospore,  381,  <788 
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Abiirtln>pliuit.<Il 

AlmU.  431 
Abu- 1  Ion.  4U 


AiTaiUclUlDm 


Arathophjrllum.  W» 


Ak  Bbm,  Ul 

AiuiiriKi'fifr. 


oiVloa,  «40 


Alffuoblllo,  fi^ 
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Almond  tree,  581 
Alim8,668 
Aloe,  697 

—  fibre,  690 
Aloes,  640 

—  wond,  640 
Aloyda,  621 
Alpiuia,  684 
Alsinesi,  4^ 
AlBodece,448 
Al8tonia,695 
~  bark,  696 
AlctrcBineria,  690 
Althaea.  4A€,  468 
Altingiacece,  669 
Alum  root,  fiO*i,  586 
Alva  marina,  713 
Alexia,  696 
Amadou,  739 
Amanita,  738 
Amarantbacote,  633 
Amaranth  order,  638 
Amaranthna,  633 
AmaryllidaoifK,  689 
Amaryllis,  689 
Ama-tsjA,  587 
Amboyna  kino,  528 
Amelanchier,  533 
American  aloe,  690 

—  alcomoqac,  480,  520 

—  balm  of  GUead,  617 

—  calomba,  599 

—  centaury,  600 

—  colocynth,  546 

—  cranberry,  587 

—  deal,  678 

—  ginseng,  565 

—  liellobore,  700 

—  horsechcstnut,  473 

—  ipecacuanha,  532,  658 

—  nutmegs,  429 

—  pennyroyal,  619 

—  plants,  588 

—  sarsaparilla,  564 

—  Minna,  524 

—  tobacco,  609 

—  wiutergreen  oil,  589 
Ammannia,  535 
Ammoniacnm,  563 
Amomura,  684 
AmpelidaoesB,  486 
Ampelopsis,  487 
Amphibrya,  416 
Amygdale»,  530,  531 
Amytrdalus,  531 
Amyridaceee,  515 
Amyris,  515 
Anacardiaoeae,  61 S 
Anacardium,  513 
Anacnhuite  wood,  602 
Auacyclua,  581 
Anagyris,  519 
Anamirta,  430 
Ananassa,  692 
Anastatica.  442 
Anchusa,  616 

Anda,  657 

Andaman  red-wood,  523 

Andira,  520, 631 


j^ldraBacee.  733 
^draeeaB.  733 
Andria,402 
Andrographis.  624 
Andromeda,  588 
Audropogon,  720 
AndrosflBmnm,  470 
Anemone,  425 
AuemonesB,  424 
Anemopais,  639 
Anesorhisa,  560 
Anetbnm,  661 
Angelica,  561 
->-  tree,  564 
Angiospermia,  422 
Angola  grass,  722 

—  copal.  526 
Aogrsscum,  682 
Augnstura  bark,  492 
Anlm^,  526 
Anise,  561 
Anisomelos,  619 
Anjadan,  663 
Annatto,  446 
Annual  henbane,  608 
Annulated     ipecaooanha, 

572 
Anona,  428 
Anonaoe»,  428 
Anophyta,  416 
Anthemifl,  581 
Anthistiiia,  720 
Anthocerotese.  734 
Anthriscus,  660 
Antiaris,  653 
Antidesma,  655 
AijUfat,  746 
Antsjar,  663 
ApiacesB.  558 
Apium,  660 
Aplopappus,  542,  681 
Aplotuxiji,  581 
Apocynaceae,  694 
Apocynum,  596 
Aporosa,  660 
Apostasia,  683 
ApostattiaoeaB,  683 
Appalachian  tea,  570,  599 
Apple.  533 

—  of  Sodom,  667 
Aprioot,  531 
Aqua  Naphi,  485 
Aquifoliacete,  591 
Aquilaria,  640 
Aquilariacece,  640 
Aquilegfa,  426 
Arabian  myrrh.  616 

—  olibauum,  516 

—  senna,  524 
Araceas,  710 
Arachis.  520.  524 
Aralia,  664,  666 
Araliaoece,  663 
Araroba,  520 
Ara  ruta,  686 
Arar  tree,  677 
Arauoaria,  677 
Arch  angelica,  661 
Arctium,  581 


Arctoetaphylos,  688 
Areca,  706 

—  charcoal,  706 

—  nut  706 
Areng  palm,  706 
Aren,  705 
Argel  leaves.  601 
Argemone,  437 
Arinema,  711 
Aristolochia*  663 
Aristolochiaoeae,  661 
Aristotelia,  463 
Armeria,  613 
Armoracia,  443 
Amatto,  446 
Arnica,  681 

—  root,  581 
Aro.621 

Aromatio        ambeUiferae, 

661 
Arrack,  706.  706 
Arracacha,  500,  560 

—  grass,  708 
Arrow-root,  680.  686 

—  Bast  Indian,  684 
->  EngUah,  607 

—  Portland,  711 

—  West  Indian,  686 
Artanthe,  637 
Artemiijia,  581 
Artichoke,  682 
Artocarpaoett.  663 
Artocarpua,  668 
Arum,  711 
Arundo,  730 
Asagnea.  699 
Asarabacca,  663 
Asamm,  663 
A<9clepiadaoMe,  600 
Asclepias,  601 
Ash.  610 

Ash  manna,  610 
Asparagus,  697 
AsiwrgiUus,  737.  739 
Asphodelus,  697 
Aspidium,  728 
Aspidosperma,  696 
Assafoetida,  563 
Assam  rubber.  653 
AsteracesB,  561 
Asteroidcse,  579 
Astralagns,  620 
Astroloma.  690 
Ataccia,  691 
Atap,  710 
Ateea.  424 
Atherosperma,  645 
Atheroepermaoea*.  644 
Atrlplex,  634 
Atropa,  6U8 
Acropaoefle.  606 
Atroi)^B.  606,  608 
Attalea,  706 
Attar  of  rose,  633 
Aucklandia,  581 
Aurantiaoes,  483 
Australian  *i»fcffPTft  bark 
696 

—  oopal,  677 
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B«ttWorc  tiwlqr,  711 


Bahtsh.  11 T 
Balui^ihon.  sn 


Tola,'  tM 


Band*  ixper,  4f  T 
BcndoUm.  Ttg 
Bneberry,  tM 
Banff,  MO 
BulBbtrHiUS 
Bapbla.  tU 

BaHiHlcH  iJgea,  ss 

BarbMT  woriMHil 


BuiTu  oamphoi,  4M 
Bamod.BU 

Buella.Ot 


oniicw.  ej> 
BlUiirdkn,188 


itU(,m 


BeiualiL,  AH 
PerbolDe-CrH,  (3S 


Baricra,lU 
Bflnjmda  armn 

BerttolJeila,  tt 


—  jupper,  AM 
Beth-tast,  «gl 
Beltenro  t  lucr^  «M 
Bttuia.  StB 

Berilaeqaa,  MS 

Blbtm'buk,  M4 
Blumlal  ben  base,  M6 


^bwit.^ 


—  ebony.  (M 

—  ginger,  tit 
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Blue  flag,  688 

—  galls,  667 
Bloinea,  681 

—  camphor,  68S 
Boehmeria,  649 
BoerhaaTia,  633 
Bog-boau,  699 

—  moss,  732 

—  myrtle,  667 

—  onion,  728 

—  whortleberr}',  687 
Boi,663 
Bois-tan,  480 
Boldo,  645 
Boldoo,  645 
Boletns,  738 
Bombax,  469 
Bombay  mastiob,  613 

—  senna,  624 
Bombyx,  496 
Bonducella,  626 
Bonnet  pepper,  607 
Bookum  wood,  624 
Borage,  616 
Boraginaceee,  616 
Borago,  616 
Boraasus,  706 
Borneo  camphor,  464 

—  mbbw,  696 
Boswellia,  616 
Botany  Bay  kino,  660 
oak,  668 

resin,  698 

Botrytip,  738 
Bottle  gourd.  646 
Bonrbon  oottoo,  466 

—  tea,  682 
Bouza,  721 
Bowdiohia,  520 
Bowstring  hemp,  698 
Box-tree,  657 
Bragantla,  663 
Brakfi,  728 
Bras8ica,  442 
Braasicaceee,  439 
Brayera,  633 
Braziietto  wood,  618,  524 
Brazilian  arrow-root,  669 

—  clove-bark,  648 

—  cocoa,  474 

—  copal,  526 

—  elemi,  617 

—  hoUy,  591 

—  nutmeg,  643 

—  rhatany,  477 

—  sarsaparilla,  694 

—  masafraa,  644 

—  wax,  706 

—  tea,  621 
Brazil  nat,  562 
tree,  652 

—  woo<l,  624 
Bread  fruit,  663 

—  nnta,  664 
Breakstone,  633 
Brexiaceae,  489 
Brexia  order,  489 
Bright's  natritiooa  farina, 

607 


Bristlewort,  714 
British  oak.  666 
Brittle-worta,  743 
Broad -beang,  619 
Brocoli,  442 
BromeUa,  692 
Bromeliaco«e,  691 
Bromus,  719 
Broom,  618.  623 

—  rape,  626 
Brosiinum,  663 
Broussonetia,  662 
Brown-coloured  alga\  743 
Brown  Inflian  hemp,  467 

—  rhatany.  477 

—  tamarimhi,  526 
Bruoea,  495 
Bruiiia,  658 
Bruniacese.  558 
Biunonia,  587 
Brunoniacefle,  587 
Bryaceae,  733 
Bryonia,  546 
Bryony,  693 
Buchu,  491 
Buck-bean,  599 

—  eye,  473 
Buckthorn,  511 
Buckwheat,  632 
Bnkkum  wool  624 
Bullace  631 
Bully-tree.  62C.  593 

.^^ .  woo^i  69^ 

Buhiishof'the  Nile,  717 
Buuohosia,  480 
Buniura.  561 
Burgundy  pitch,  676 
Bunnannin,  683 
Burmunniac<.>{e,  683 
Bursera,  516 
Bnrseraceap,  515 

Bush  too,  sal 
Bussorah  galls,  667 
Butcher's  broom,  698 
But^a,  520 

—  gum,  620 
Butomao^je,  709 
Butomuji,  709 
Buttercup  order,  423 
Buttei  fly-weod.  601 
Butter  of  cocoa,  40 1 

nutmegs,  646 

nut,  665 

—  tree,  469 
Butterwort,  627 
Button  snakeroot,  583 
Buxus,  657 
Byrsonima,  480.  620 
Byttncriaceffi,  460 


Cabbagr,  443 

—  bark,  620 

—  order,  439 

—  palm,  707 

—  rose,  632 


Cabeza  del  negro,  707 
Cabomhacees,  433 
Cacao,  460 
Cochibou  resin,  516 
Gactaceie,  647 
Cactua,  547 
Cadaba,444 
Csesalpinia,  535 
GaesalpLnieflB,  518.  534 
Caffre  bread,  68  J 

—  com,  722 
Oafta,509 
Cagliari  paste.  723 
Cahoun  nuts,  705 

—  palm,  705 
Cajanus.  619 
Cajnput  oiL  551 
Oake  gamlx^e,  468 

—  saffron,  682,  688 
Oalabar  bean,  619,  522 
Calabash  nutmeg,  429 

—  tnse,  623 
Calfldlum.  712 
Calagnala,  727 
Calamander  wood,  590 
Calamus  706 
Calendula,  583 
Galla703 

CallitTiohaoeie,  655 
CallitTiobe.  655 
Callitris,  677 
Oallophyllum,  468 
Calotropis,  601 
Calumba,  431 
Caly-cantbaceoe.  533 
Calycanthna.  534 
Calycera,  576 
Calyceracese,  576 
Calyciflorae.  508 

—  analysis  of,  565 
Calyisacclon,  468 
Camara  nutmeg,  643 
Cama»la,  697 
Camata,  667 
Oamatina,  667 
Camelina,  443 
Camellia,  466 

—  order,  466 
CameliiaoecB,  465 
Gamers  thorn,  519 
C^unomile,  581 

—  oil  of.  581 
Campanula^  585 
Campanulaceee,  584 
Camphor,  643 

—  oil,  464 
Camphora.  642 
Oampylospermeae.  560 
Camwood,  534 
Canada  balsam,  676 
-rice,  733 

—  snake  root,  663 
Canadian  agaric,  739 

—  balsam,  676 

—  fleabane,  583 

—  maidenhair,  727 

—  pitch,  677 
Oanagong,  640 
Oananga»4>8 
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GBiurlnm.  ilt 

—  fn^l.  JM 
Conrnt-ruol.  «M 
OuiIIhI  Itmnn  pop] 

CmrtJe-licrTy.96  7 

— -Irec.  «2],  «17 


CmiiwrldnoH.  4 

CuiirtfuLLoone,  fr 
CajirifitlJiim.  A7( 


CaKlHniLnt,  US 


CiuiHtliian  tml-am,  878 
Cu;-et  »««d.  <U 
CbtjiIiiiu.  set 
Cerrageen.  74« 
Cbitod  glL,  (Sg 
ClBrrot,Ml 


Oirsaliliyaaixa,  4H 


(•«tlll«,«M 

Cbenopo-lluOT.  «1 

CMt«  (rfl.  «IU 

-  -  plunt.  65» 

--    1«.1.,BS9 

Clien-it  071 

— 'wrcfi,  M> 

C<it«J,u,6M,SJ4.T» 

-l.u«l,MJ 

—  pepppr.  *0T 

CljorrllMU 

CltlU  Bower.  Ml 

n,»tni.t,4n 

0«uloiihrLiim,«S» 

(.■«.,  ««8 

Oi'oniw  peprer.  SOT 

I-hl«^6I7,«H«»l 

(-hlcliu,  m 

OnrsIudlonil.hpr.SSS 

(:i,ickp».«i 

Cowopi*.  «ll,  »H 

l'hiL-k»a»l.<il] 

Odv.m 

l-hicli.  M* 

»l«-«(04     rt      GoilJUL 

iliimrj-.Ml 

liS; 


CeUoiHUioil,7M 


CJulUrtU,  818 
ChMiigljmelina^ 


Cluincl«n,>M 
ChmUlglMd'miiD 
ChioloioogTU,  447 


OilaoK  ^lugsl,  DS4 

—  Knua-cloth.  «3 

—  irrcn  indige,  til 
-  nioxu,  Ml 

—  oil      at      pappcrmlul, 
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Cbocclsl,  *»\ 
ChooolUf.  *t 


Cborliia.4M 
Chrminu  roa.  4» 
CbTTBOtKUnn;  UJ 
CbTTHbatanof,  111 
ChrTiopbjUimi,  t9 

Chiimu,tIO 
abotlnm.  m 

Clchonoefe,  (TV 

CHsboriuni.  Ml 

Cmlcifu^.  ttt 
Ciucbom,  a  71 

Cljcimpcloa.  Ill 
CluuH.  tS7 


Cltmi 


It.  IBS 


ConpcdU  ordR'.  ITT 


CochUinl.  fW 
CnotilisrU.  44S 
OocblnpemiDEEU  M 


GodMlum.  tU 
CahiclllK.  OS 


Oopeniela.  TIM 
Coprinin,  717 
CniinBiiia,  S7t 

r«inl]U  iinU.'7U« 
CortiitBiB 


Corrdili*.  4M 
CorylAcoc  fifld 

CorsTBbifenii.  STS 

CiMcdilDni,  411 
C011IU1.MI 

Coin  buk.  or* 

I  —  ln«,m 
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Clotton  root  bark,  4A7 
Cotyledon,  638 
Cotyledonca,  422 
Country  almomls,  SM 

—  sarsaparilla,  6U- 
CoorbAHl,  529 
Cowbene,  663 
Cowberry,  «87 
Cowdie  pine,  677 
Cowbage,  632 
Cow-itch,  622 

—  plant,  601 

—  tree,  «96,  653 
Cowslip,  612 
Crab  oil,  483 
Crambe,  443 
Cranberry,  687 
Crane's-bill  order,  601 
Craasalacen,  537 
CraMuIeR,  638 
Cratseva,  Aii 
Cratoxylon,  470 

Cream,  of    Tartar    tree, 

469 
Croam-fnilt,  696 
CrcMote,  678 

—  plant,  497 
Cr^H^ntin,  623 
Crescontioceae,  623 
Creyat,  624 
Crinnm,  690 
Crithmum.  661 
Crocus,  688 
Cross  breeds,  39t 
Crotalaria,  621 
Croton,  657 

—  oil,  657 

—  pseudo  China.  695,  667 

—  seeds,  667 
Crowberry,  660 
Crowfoot  onler,  422 
Crownwort  order,  641 
Croxophora,  658 
Cniciferre,  439 
Crude  camphor,  643 
Cryptocarya,  643 
Ciyptogainia.  726 
Crystal  worts,  734 
Cuacho  tree,  fJ54 
Cuba  bast,  467 

—  tobacco.  609 
Cnbeba,  637 
Cubebs,  637 
Cuca,  480 
Cuchunchully  de  Cncn^a, 

449 
Cuckoo-flower,  442 
Cuckoo- pint,  711 
Cucubalus,  453 
Cucumber,  646 
Cucumis  645 
Cucorbita,  545 
Cncurbitaceir,  543 
Cncurbitcae.  544 
Cudbear.  741 
Cudrania,  654 
Cuminnm.  561 
Cnmmin,  561 
Ciindurango,  601 


Canonlaoese.  537 
Cnnonia  order,  537 
Copaaia,  474 
Cup-mow,  741 
Cnpressefe,  676 
Onpreasna,  677 
Cupnlifene,  666 
Curasao  alot^a,  697 
Curare,  698 
Curcas,  668 
Carcoligo,  690 
Curcuma,  684 
—  starch,  684 
Currant  488,  548 
Cuflctis,  73U 
CnacutAoeae,  604 
Cusparia  bark,  49S 
CuMO.  532 
Custard  apple,  428 
Cutch,  526 
Cyathea,  728 
C^ycadaceaa,  679 
Cyca«,680 
Cyclamen,  613 
Cyclopia,  521 
Cydouia,  583 
Cynanchum,  601 
Cynara.  682 
CynaresB,  579 
CynarocephalfP.  679 
Cynomorium,  671 
CyperacesB,  715 
Cyperus,  717 
Cyphia,  685 
Cypress,  677 
Cypripedinm,  683 
Oyrilla,  490 
Cyriilacefe,  490 
Cyrtandreie,  G23 
CytinacesB,  671 
Cytinos,  672 
CytUus,  619 
Cyttarla,  738 


DACRTmuM,  679 
Dactylia,  721 
Dalbergia,  521 
Dalmatian  insect  powder, 

683 
Damlana,  543 
Dammar,  464 
Dammara,  677 
Damsons,  531 
Danseo,  726 
Danieaoee,  726 
Danaeece,  726 
Dandelion,  584 
Dantzic  fir,  678 
Daphne,  640 
Date  coiTee,  707 
— palm,  707 
Date  plum,  691 
Dates.  707 
Datisca^  647 
Datiacaceie,  647 
Datura,  608 


Dancot,  661,  563 
Dawames,  651 
Deaiily  niglitshade,  608 
Dead  Sea  apples,  667 

—  tongue,  663 
Deals,  678 
DeCTheniea.  689 
Deer's  tongue,  683,  738 
Delphinium,  426 
Demerara  pink  root,  697 
Deodar.  677 
Desmidleie,  743 
DesvanxiacesB,  714 
Dentsia,  649 

Devil's  apple,  609 

—  bit  scabioTts,  576 
Dewl)erry,  633 
Dhatiireeaa.  (^ 
Dialium,  625 
Dlamba,  661 
Diamorphese,  638 
Dianthus,  453 
Diapensiaceae,  598 
Diatomaccse.  743  7 
Diatomeap,  743 
Dicencra,  439 
Dichopeis,  593 
Diclines,  709 

—  analysis  of,  726 
Dlcotyledones,  422,  676 
Dictamnus,  492 
Dlctyogenae,  692 
Diorpellinm,643 
Dleiytra,  439 
Digitalis,  626 

Dfka  br«ad,  495 
Dill.  661 
Dillenia,  426 
Dillenlaoeae,  426 
Dillesk,  747 
Dimon  pine,  679 
Dion,  680 
Dlonaea,  460 
Dloscorea,  693 
Dioscoreaceae,  693 
Dio^ma,  491 
Dio«me«.  491 
Diospyros,  690 
Diplazium,  737 
Dipleoolobece,  443 
DipsacaccsB,  576 
Dipsacua,  676 
Dipteraoeae,  463 
Dipterocarpus,  464 
Dipteryx.  631 
Dirca,639 
Disoarla,  611 
Dita  bark.  696 
Dittany,  493 
Divi-dlTi,  634 
Doohna,  731 
Dodder,  604 

—  laurel,  644 
Dodonaoa,  474 
Dodoneae,  473 
Dogbano,  694 
Dog  bark,  667 

—  rose,  632 

—  ylolet,  449 
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Dc^-wood,  811,  557 
Dolichospemiuiu,  745 
Dombcya,  460 
Doom  bark,  627 
Dorema,  563 
Dorsteuia,  652 
Doryphora,  645 
Dractena,  697 
Dracontium,  703 
Dragou  root,  711 

—  tree,  697 

Dragon's  blood,  523,  706 
Drimya,  427 
Drop-wort,  662 
Drosem,  450 
Droseracete,  449 
Drupaoece.  630,  631 
Dryandra,  6Q3 

Dry  rot,  738,  739 
Dryobalauops,  464 
Daboi&ia,6u8 
Duchai  hemp,  519 
Duckweed,  712 
D«da{m,  609 
Dffguetia,  428 
Duke  of  Portland's  pow- 
der, 662 
Dolae,  747 
Durian,  459 
Durio^  459 
Durra,  721 
Durvilleea,  746 
I>uu:h  camphor,  642 

—  madder,  674 

—  ruslies,  729 

—  turnsole,  741 
Dwale,  608 
Dyer's  broom,  621 


Eagle  wood,  640 
Earth  almuuds,  717 

—  nuts,  561 

—  oil,  620 

East    Indian    arrow-root, 
684 

copal,  825,  626 

kiuo.  523 

mnstich,  513 

m>Trh.  516 

olibannm,  616 

rosewood,  621 

senna,  524 

—  —  tobacco,  609 

tacamahaca,  468 

teak,  621 

Eau  d'auge,  661 

Eau  de  Mantes,  658 

£au  mMiciuale  d'Uusso/j, 

700 
Ebenacen:,  590 
Eboe-nutrt,  621 
Bbony,  690 
Bcballium.  545 
EchiuDi,  616 
Eddoes,  712 
Edgeworthia,  640 


Edible  moshroomB,  735 
Egg  apples,  6U7 
Egus^  oil,  545 
Egyptian  bean,  435 

—  com,  721 

—  onion,  697 

—  soap-root,  453 

—  wheat,  723 
Ehretia,  616 
Ehretiacese,  616 
Ejow  fibre,  705 
Elseagnaoes.  640 
Klseagnus,  611 
ElsBocarpea?,  463 
Elffiocarpus,  463 
Elaeococoa,  658 
El»odcndron,  609 
Elais,  706 
Elaphomycee,  738 
Elaphrium,  616 
Klaterium,  545 
Elatiuacese,  451 
Elder,  670 

—  flower  water,  670 

—  wine,  570 
EJecampane,  583 
Klenii,  616 
Elephant  apple,  486 
Elephant's  foot,  693 
Elettaria,  684 
Eleusine,  721 
Elloopa-trec,  592 
Elm.  648 

Embdeu  groate,  720 
Emblica,  659 
Empctraceee.  660 
Empetmm,  6C0 
Eucci)haIartos,  680 
Endive,  684 
Endocladia,  745 
English  urrowroot,  607 

—  elm,  648 

—  mercury,  834 

—  oil  or"  lavender,  619 
_  rhubarb,  632 
Epacridacese,  690 
Epacris,  69U 
Ephedras,  679 
Epig^a,  688 
Epipetalae,  690 

—  analysis  of,  628 
Epiphegus,  626 
Epiphyllum,  547 
Equisetacete,  728 
Equisetum,  729 
Eranthis,  425 
Ergot  of  rye,  722,  737 
Erica,  588 
Ericaceae,  687 
Ericew,  588 
Erigeron,  682 
Eriobotrya,  533 
Kriocaulaccai,  714 
Eriocaulou,  714 
Eriodeudron,  459 
Eriodictyon,  616 
Eriophoruni,  717 
Erodiun).  602 

Erva  de  ibbi&i,  620 


ErTimi,519 
Eiynglum,  663 
£ryngo,663 
Erysipelas  plant,  617 
Erysiphe,  7S9 
En^hnea,  699 
Erythrophloram,  627 
Erythroxylacese,  480 
Eiythrozylon,  480 

—  coca,  480 
Bsoolloniacefle,  648 
Escallonia  order.  548 
Esculent  umbellifene,  660 
Eaenbeckia,492 
Esinrto,  723 

Essence  of  bergamot,  486 

oedrat,  486 

lemon,  486 

spruce,  677 

turpentine,  678 

virgin  bahsaui,  633 

—  de  bigarade.  486 
citron,  486 

—  —  petit  grain,  486 

Portugal,  486 

Essential     oil     of     bitter 

almonds,  631 

orange,  486 

cedrat,  486 

lemon,  486 

sweet  oruuge,  485 

Ethiopian  sour  gouid,  458 
Eucalyptus,  550 

—  kino,  550 
Eugenia,  551 
PJulophia,  682 
Euonymus,  509 
Eupatoriese,  579 
Eupatorium,  583 
Euphorbia,  658 
Euphorbiaceai,  €65 
European  alcoiuoque  bark, 

667 

—  salep,  682 
Euryangium,  663 
Euticaphis,  510 
Euterpe,  707 
Evening  primrose,  654 
Evodia,  493 
Ezacum,  599 
Exidia.  739 
Exogonium,  603 
Expressed  oil  of  baya  643 
Extract  of  liquorice,  522 
£zraoh,643 


Faba,  619 

Fabacee,  517 

Fagopynim,  632 

Fagus,666 

Faham  tea,  682 

False  angustora  bark,  597 

—  calmuba,  599 

—  dittany,  492 

—  ipecacuanluk  449 

—  myrrh,  616 
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—  Bimiarllla,  HI 


Flcoklec  esa 

Fig,  ass  "  "^ 

—  marig.ild,  Si 

Fiiburt.  gee 


GanKflM 

ForHtUdy'.herU,681 

_csk,M8 

Fo»U™i2'|,Tm'"' 

-crffl».Ma 

Four  u'cluok  iiUuil,  S93 

-  paatortluDi 

—  oraqhe,  eu 

-Mge,6!U 

^ir«r 

rJirs;!!! 

OaruCsS? 

-IIMT,  MB 

K^SL^",^,'* 

■"^T 


—  aii.ilyti>  of,  T. 
<^l>dciB  Bsja.  f! 
i;iiccrrhlu.  6S] 
QmeUnik  Oil 


imphDCHrptii,  flOl 
impholtblurn,  Hi 

do.igonha,  Ml 
QUBolOllUl  Ml 

0<wd«nU  onlB,  BU 

Oomcbotry,  M 
GoHcfoot,  «3) 

Oaphu  wool,  S77 
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Qordonio,  466 
GkMsypiam,  456 
QoofiQia,  511 
Gkmrd,543 
Ooottbdro.  616 
Gncilaria,  744,  746 
Grains  of  Paradise,  684 
Oraines  d'Avignon»  511 
Oram,  521 
Graminacefe,  717 
Oranadillas,  541 
Oranatese.  551 
GrapcR,  487 
Orapo-Tino,  487 
Qrass  order,  717 

—  oils,  720 

of  Namur,  720 

—  trees.  698 
Gratiola,  626 
Gray  plum,  531| 
Greater  maple,  479 
Great  mullein,  626 
Great  water  d<iok,  632 
Green  bay,  648 
Greengage.  531 
Oreenheart  tree,  644 
Groen-colonred  algae,  743 
Green  hellebore,  7U0 

—  laver,  747 

—  putchuk,  662 

—  tea,  466 
Greens,  442 
Qrcwbi,  463 
Grlflfes  de  girofle,  550 
Grindelia.  582 
Orif<lea,  536 
Groats,  720 
Grosimlariacea*,  548 
Ground  liverwort,  741 

—  nut,  520 

oU,  520 

Guaco,  583,  662 
Gualacura.  496 

—  resin,  496 

—  wood,  496 
Gnaltheria,  588 
Guana,  640 
Guarana,  474 

—  bread,  474 
Guarea,  483 
Guatemala      Barsaparilla, 

694 
Guavaa,  551 

Guayaquil  saraaparlUa,  694 
Guiiycnni,  614 
Guazunia,  460 
Guelder-rose,  570 
Gucttarda,  573 
Gugul,  616 
Guibourtia,  525 
Guilandino,  525 
Guimiuve,  456 
Guinea  com,  721 

—  grass,  722 

—  henweed.  836 

—  oil  palm;  706 

—  pepper.  607 
Ouizotia,  582 
Gulaucha,  431 


Gnlf  weed,  747 
Gfa-ipisra,  518 
Gnm  animd,  525 

—  Arabic,  626 

—  Aostoalian,  596 

—  Benjamin,  594 

—  Brown  Barbary,  626 

—  Cape,  526 

—  dragon,  520,  528 

—  East  India,  526 

—  eaphorbium,  658 

—  juniper,  677 

—  Wno,  523 

—  Kordofan,  626 

—  knteera,  459 

—  Mogador,  526 

—  Morocco.  626 

—  picked  Turkey,  626 

—  Senegal,  519,526 

—  Suakin,  526 

—  Taica,  526 

—  Talha.  526 

—  tragacanth,  520 

—  trees,  550 

—  white  Scnnnar,  526 

—  wattle,  526 
Gunnera,  564 
Gunny,  468 
Gnn^ah,  650 
Gurjun  balsam,  464 
Guru  nuts,  459 
Gustavia.  553 
Gutta  pcrcha,  593 
GuttifewB,  467 
Gymnema,  601 
Gymuospermlft.  675 
— ,  analysis  <rf,  680 
Gynandropsis,  445 
Gynerium,  721 
Gynocardia,  447 
Gypsopliila.  453 
GjTophorn,  741 
Gyrostemon,  636 
Gyrostcmoneae,  686 


^ABZKLIA.  429 
Hronuiuthus,  690 
Htematoxylon,  525 
HajmodoraeesB,  690 
Haemotlomm,  691 
Hnlidrya,  746 
Haloragaopfl?,  555 
Haloscias.  561 
HamamelidiiceflB,  557 
Hamamelis,  558 
Hancomiu,  596 
Haid's  food.  723 
Hare-bell.  584 
Haricots,  519 
i>ascbish,651 
Havanna  tobacco,  609 
Hay  saffron,  582,  688 
HazeU  666 
Heart's-ease,  449 
Heath  order,  687 
Hedeoma,  619 


Hedera,  564 
Hedge  hjmop,  9t$ 
Hedycarpoa,  474 
Reisteria,  489 
HeliantfaiM,  58S 
HeUotropinm,  617 
Helleborcae,  434 
Helleborefi,  4S5,  TOO 
Helleboima,  435 
Helminthocortoo.  748 
Helosciaditun,  561 
Helwingia,  664 
Helwingiacefe.  664 
Hemidesmus,  601 
Hemlock,  562 

—  dropwort,  662 

—  spruce,  676 
Hemp,  650 

—  seed,  650 
Henbane,  608 
Henna,  .535 
HenaloTiaoete,  537 
Hen«loTia  order,  587 
Hen-ware,  746 
He-oak.  668 
Hepatic  aloes,  697 
HepaticaccsB.  733 
Hermodactyla,  TOO 
Henchera,  536 
Hevea,  658 
Hibisceflc,  455 
Hibiscus,  457 
Hickory,  665 

—  nuts,  665 

Himalayan  rhubarb.  633 
Hippocastaneep.  473 
Hippocratea.  479 
Hippocratoscea?,  479 
Hippomane,  658 
Hippophae'.  641 

Hog- gum,  514 

—  nut,  665 

—  plums,  514 
Holarrhena,  596 
Holcus,  721 
Holigama.  51 3 
HoUy,  591 
Hollyhock,  466 
HoraaliacefB,  546 
Homalium.  546 
Homerio.  688 
Honduras  cedar,  482 

—  sarsaparilla,  694 
Honesty,  444 
Honeysuckles,  570 
Honey  water,  690 
Honey- ware,  746 
Honig-thee,  521 
Hop,  (851 

Hopca,  464 
Hordeum,  721 
Horehound,  619 
Hormoaiphon,  744,  746 
Hornbeam,  666 
Homwort,  655 
Horsecbestnnt,  478 
Horse  camia,  525 

—  mint,  619 

—  radi&h,443 
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Horse  sngar,  594 
Horeetail,  728 
Hottentot's  flg,  540 
Hoiueleck.  537 
Hoveuia,  511 
Hulle  de  Cade,  677 
HuUed  barley,  721 
HumiriaceflB,  490 
Humirium.  490 
HamuloR,  661 
Hundred-leaved  rofle,  532 

—  yeara  plant.  690 
Hnngarian  balsam,  678 

—  red  pepper,  607 
Hnon  pfu«%  679 
Hya^hya,  596 
Hybridifiatiun,  392 
Hybrids,  392 
Hydnocarpns,  447 
Hydnora,  672 
Hydrangea,  537 
Hydrangeaoee,  586 
Hydrastis,  425 
Hydrocharidacete,  714 
Hydrocharis,  711 
Hydrocotyle,  562 
Hydropeltis,  483 
HydrophyllaceiB,  616 
Hydrophyllura,  615 
Hymcntea,  525 
Hyoscyaraiw,  608 
Hypcricftceie,  469 
Hypericum,  470 
Hypbiene.  707 
Hypoxidacett,  690 
HypoxLs  69U 
Hyssop,  446 
Uysterophi-ta,  416 


IRRRTS,  444 

Icacinn,  489 

Icacinaocee.  489 

Ice  plants  54U 

Iceland  moss,  740 

Idea,  517 

Icicariba,  617 

Ilang-ilang,  428 

Ilex,  691 

niecebraceap,  689 

niicuim,  427 

Imbricarin,  693 

Imperial  lemon,  485 

Incense,  516 

India  rubber,  595,  662, 653, 

664,  667 
Indian  aconite,  424 
— -  aloes,  697 

—  bael,  486 

—  barberry,  433 

—  bdellium,  616 

—  bread,  739 

—  clove  bark,  643 

—  com,  723 

—  cotton,  466 

—  cress,  503 

—  dammar,  677 


Icdfan  fennel,  561 

—  flg,  547 

—  grafs,  602 
oUs.  720 

—  hemp,  660 

—  lemon  gras.-*,  720 

—  liquorice,  519 

—  matting,  717 

—  melissa  oil,  720 

—  millet,  722 

—  muslin,  686 

—  oak, 621 

—  ph>-8ic,  632 

—  rhubarb.  632 

—  rubber,  696,  596 

—  sarsaparilla,  601 

—  satin  wood,  482 

—  shot,  685 

—  snmbol  root,  568 

—  teak,  621 

—  tobacco,  586 

—  turnip,  711 
Indigenous  salep,  682 
Indigo.  622 
ludigofera,  522 
Inocarpus,  640 
Insect  powder,  683 

,  Dalmatian,  683 

,  Persian,  583 

Inula,  683 
lonidinm,  449 
Ipadu,  481 
Ipecacuanha,  672 

— ,  Amorican,  632 
— ,  amylaceous,  674 
— ,  annulated,  672 
— ,  bastard,  6ol 
— ,  black,  674 
— ,  striated,  674 
— ,  undnlate<l,  674 
— ,  white,  574 
— ,  woody,  449 
Ipomoea,  6U3 
Iriartea,  706 
Iridaceie,  686 
IridBBa,  744,  747 
Iris,  688 
Irish  moss,  746 
Iron  bark-tree,  660 

—  wood,  690,  666 
Irringia,  496 
Isatis,  443 
Isonandra,  693 
Ispagliul,  615 
Issue  peas,  486 
Italian  juice,  621 

—  millet^  723 

—  paste,  723 

—  sarsapivrilla,  694 

—  senna,  624 
Iva,  581 

IvOTy  wheats  721 
Ivv,  564 
Ixtlo  fibre,  692 


Jaar,  721 
Jaborandi,  493 


Jabutlcaba,  551 
Jacaranda.  621 
Jack-fruit.  663 
Jaggery,  705,  706 
Jalap,  603 
— ,  Tampico,  608 

—  wood,  603 
Jamaica  cedar,  482 

—  kino,  632 

—  nutmegs.  429 

—  pepper,  551 

—  quassia,  495 

—  sarsaparilla,  694 

—  senna,  524 
Jamalgata  pills,  667 
James's  tea,  689 
Janiplia.  659 
Japan  camphor,  642 

—  lacquer,  514 

—  sago,  680 

Japanese  belladonna  root, 
609 

—  moxas,  581 

—  pepper,  493 

—  wax,  514 
Japonioos,  512 
Jasmintcete,  610 
Jasmine,  610 
Jasuiinura,  611 
Jateorhiza,  431 
Jatropha,  668 

—  manihot,  669 

—  oil,  659 

Java  almonds  616 

—  cardamoms,  684 

—  galangal  nx>t,  ii84 

—  rubber,  652 
Jeea  wood,  482 
Jeffcrsonia,  433 
Jelly  plant,  746 
Jerusalem        artichoke 

582 
Jesuit's  bark,  572 

—  nuts,  655 
Jetee  flhrcs,  601 
Jew's  ear,  739 

—  mallow,  463 
Job's  tears,  721 
Jointed  flr.  679 
JoUiffla,  546 
Jubbulpore  hemp,  521 
Juglandaceie,  664 
Julians,  665 
Jujube,  612 
Jtmcaoete,  702 
JuncaginacesB,  708 
Junci,  702 

Juncus,  720 
Jnngermanniacese,  734 
Jungermanniese,  734 
Juniper,  677 

—  gum,  677 

—  resin,  677 
JunlperuA,  677 
Jussiara,  655 
Jnte,  463 

—  hemp.  463 

—  plant,  463 
Juvia  nuts,  552 
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Kadi-kaxk.  7S2 
Kaf  Maryao,  443 
Kakaterro,  679 
Kaki,«90 

Kaladana  neds,  603 
Kala  til,fi83 
Kalmia.589 
Kanrmla,  660 
Kangaroo  apples,  607 

—  graas.  720 
Karooin,688 
Sariyat,  624 
Ka«heta,  732 
Sat,  509 
Kataf,  516 
Katchoiig  oil.  520 
Eawrie  gnrn,  677 

—  pine,  677 
Kegtig.  590 
Kekui,  657 
Kekune,  657 
Kelon-Ke-Tel,  677 
Kelp.  745 
Kermes  oak,  667 
Keiiaaree  flowers,  £20 
Khat,5u9 
^Qfl-khiu,  720 
Kiddah,  643 
Kidney-bean!*.  519 
Kielm«>yera.  466 
Kikayon,  659 
Kinman.  643 
Kinnemon,  643 
Kino.  523 

Ki-titai,  746 
Knotwort,  539 
Kodro  722 
Kobl-rabi,  442 
Kokoona,  479 
Koknt.  660 
Kokum-butter,  469 
Kola-nuU.  459 
Koochla  tree.  597 
Koosum  oil,  5t<2 
Korarinia  cardamoms,  634 
K011S80,  50U.  532 
Krameria,  477 
Kramer iaceie,  477 
Krania,  557 
Kokui  oil,  657 
Kumquat,  485.  486 
Kundah  oil,  483 
Kateera,  447, 459 


LABIAT.C,  617 
Lahiate  onier.  617 
Labiatiflurse,  579,  580,  583 
Labrador  tea.  589 
Labiimara.  518  519 
Lace-bark.  640 
Lachuanthes,  691 
Lacif).  639 
Lacistema,  647 
Lacisteniaccfle,  647 
Lactuca,  584 
Lactucarium.  584 
Ladxmum,  446 


Ladies'  manUe,  US 
Liigbi,707 
Lagenaria,  M6 
LagentrOmia,  535 
Laietta,640 
Lalo.458 

Lamb's  lettnoe,  575 
Laminaria,  744,  747 
Lana  dye,  573 

—  tree.  573 
Lance-wood.  429 
Landolpliia,  596 
LangMt.483 
LangsdorflBa,  671 
Lana?h,483 
Lansiiun,483 
lantana,  631 
Lapagvria,  695 
Laportea,650 
Larch,  676 

—  agaric,  739 

—  manna,  677 

—  turpentine,  677 
Lanlizabalaceffi,  429 
Lurlx,  676,  677 
Larkspor,  436 
Larrea,497 
Lafttrea,  728 
Latakia  tobaoco,  609 
Ij&thyms,  519 
Lattice-leaf  plant,  708 
LAuraceae.  642 
LaiireU  642 

—  berries,  643 

—  camphor,  643 

—  fat,  643 

leaved  canella,  488 

—  leaves,  643 
Lamvlia,  645 
Laurencia.  747 
Launis.  643 
Launistinoa,  570 
Lavandula,  619 
Lavender,  619 
Laver,  747 

Lav  son  la,  535 

Lean    Vera    Cruz    sarsa- 

parilla,  694 
Lobonah,  516 
Lecanora,  741 
Lecythidacea?,  652 
Lecythis,  552 
L  >dum,  589 
U-ek,  697 
Leguminorae,  517 
Leguminous  order,  51 7 
Lemnaceae,  712 
Lemon,  485,  486 
grass  oil,  720 

—  plant,  621 

—  thyme,  619 
Lcntibulariacese,  626 
Lentils,  519,  522 
Leontodon,  584 
Leopard's  bane,  581 

—  wood,  654 
Leopoldinia,  707 
Ix;pidium,  443 
Lepiduatacliys,  660 


Lepiota.  738 
Lepcmndrm,  CSC 
hepiUmpenntm,  M9 
Leptoqsenniim.  Ul 
Leporuidia,  Ctt 
Leroy  Tegetal,  MC 
Latter  wood,  CM 
Lettuce^  W4 

—  opimii,  6S4 
Lmoopogoo,  690 
Lerant  madder,  574 

—  wormteed.  581 
Leren  bwk,  »37 
Lever  wood,  6C6 
Leviaticam,  Ml 
Lewiaia.540 
Liatris.583 
Liberian  coffee,  573 
Ubi  dibi.  524 

Lioe  aeeda,  699 
Licbenea,  740 
Ltcbena.  740 
Light  galangal.  684 

—  jalap,  603 
LJgn-aloe  wood.  640 

—  Mexjoan,  517 
Lignum  colabrinnm,  SM 

—  nephritiomn,  528 

—  Titae,  497 
LiguUdoFB,  MO,  183 
Lilac.  610 
Liliacete,69S 
Liliam,697 

Lily,  695 

Lima  wood,  534 

Lime  fruit,  486,  486 

—  tree,  461 

onler,  461 

Limnanthacesp.  503 
Limnanthes.  6u3 
Linaceee,  497 
Linden  order,  461 

—  tree,  461 
Ling,  5«5 

linntean  sjBtem,  401 
Linseed,  498 

—  meal,  498 
Lint,  498 
Linnm,  498 
Lippia.  681 
Ligoidambar,  669 
LJqnidamharacegy  669 
Liquid  camphor,  464 

—  myrrh,  516 

—  storax,  594,  669 
Liquorice,  531 

—  juioe,  521 
Liriodendron,  437 
Lisbon  saraaparilla,  694 
Lissanthe,  590 
litchi,  474 

Litmus,  741 
Little  cord,  727 
Live  oak,  666 
Liverworts,  734 
LoasacesB.  546 
Lobelia,  58< 
Lobeliaceie.  5S5 
Locoat-wood,  ^33,  526 
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Ushopmr.  in 
Mriri.iili.ir,  737 
If  aiu.  Ta 
MalKiw,  m 
Shjoon.  «tl 
Mnjonni.aia,  <30 
MnUali,  <l«l 

Utlabari-iir^IiiniDiu,  < 


Lyraimmiin,  71 


KxrkKAR  on.  118 

Uaoe.  S4e,  gt« 
HHshBiiiim,  »» 


MAlpixhUnw.  4 
Mult,  Ml 


-  wiji  MS,  t 
HBiigoW  mir 


Mullch,  sia 
Mil  to.  Sill 
MalJu  tHTli.  at 


MaoHtls,  707 
Mii™««U,l» 
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Henya,7M 
Henyantheae,  599 
Menyanthw,  599 
Mertensia,  616 
Heniliii8»  739 
KeBembrjacea*,  539 
K^embryanthemam,  MO 
Keflembryee  540 
Kespilodaphne,  643 
He«pUii8,ft33 
Ke8aa,469 
MetrosidAro^  501 
Metroxylon,  7U7 
Meiun,  663 
Hew.  563 
Mexical,690 
Mexican  oopal,  536 

—  elemi,  515 

—  RiBaB,693 

—  ganL,  593 

—  Ugn-aloe  wood,  617 

—  lanaparilla,  694 

—  tea,  635 

—  thlsUe,  437 
Keaereon,640 

—  bark,  640 
Klcbelia,428 
Micromeria,  619 
KlgnoneUe,  445 

—  order,  445 
Mikania,583 
Mildew,  740 
Milkweed,  600,  658 
Milkwort  order,  475 
Millot,  723 

—  beer,  721 
Milnea,483 
Mimosa,  526 
MimoMce,  518.  536 
Mimnsopii,  593 
Minte.C19 
Mirabilifl,  633 
Mishmee  bitter,  425 
Mistletoe,  663 
Mitchumitcho.  500 
Kocha  senna,  524 
Mock  orange,  549 

—  plane,  479 
Mo^adore  colocynth,  545 
Mogbi,  739 

Moknl.  616 
MolasMS,  732 
MoliDia,  722 
Molucca  berries,  463 
MoUugini'se,  453 
Momordica.  545 
Monarda,  619 
Monesia  bark,  593 
Monimia,  645 
Monimiacece,  645 
Monkey  apple,  468 

—  bread,  458 
. —  grass,  707 

—  pot,  552 
Monkshood,  424 
Monk's  rhubarb.  633 
Monnina,  476 
Monochlamydee,  631 
— ,  analysis  of,  673 


Monoootyledones,  680 
— .  analysis  of,  723 
Mouodora,  429 
Monotropaoeae,  589 
MonroTlan  coffee,  573 
Montpellier       scamnMMiy, 

601 
Moodooga  oil,  581 
Moonseed,431 

—  order,  430 
Mor.  515 
Mora,  536 

—  wood,  536 
Moracece,  651 
MonBa,688 
Morchella,  736,  739 
Morel,  736,  739 
Moreton  Pay  canes.  708 

chestnuts,  521 

Morinda,573 
Moringa,  538 
Moringaceoe,  537 
Moras.  653 

Moequit  bean,  637 
Moss,  733 
Mote  grease,  483 
Mother  cloTes,  550 
Mould,  738,  739 
Mount  Sinai  manna,  451 
Mountain  arnica,  581 

—  ash,  533 

—  damson,  496 
-  hemp,  608 

—  laurol.  589 

—  mango,  468 

—  -  pine,  678 

—  spinach,  634 

—  tea,  689 

—  tobacco,  581 
Moutan.  426 
Moxas,  581,  583 
Mncor,  739 
Mucuna,  522 
Mudar  be^-k,  601 

—  fibres,  601 
Mugho,  678 
Mulberry,  662 

—  paper,  663 
MuUeins,  626 
Munjeet,  674 
Munjista,  574 
Mur,  616 
Muriti  palm,  707 
Murraya.486 
Murwa,  731 
Mnsa,  686 
MusatiesB,686 
Muscadine,  488 
Muscatels,  487 
Musci,  732 
Mushroom,  735 

—  edible,  735 

—  poisoooos,  736 
Mustard,  443 
--troe,611 
Musk  root,  663 
Mutisiee,  580 
Mylltta,  739 
Myopora,  631 


fil 

MyTcia,Ml 
MyTioa,6<7 
Myricaoese,  6(7 
MTnstica.e45 
Myristicaoea;.  645 
Myrobalana,  656 
MyTospermiun,  53S 
Myrozyloo,  523 
Myrrh.  51ft 
MyTrfaa,ftlft 
Myrsinaoee,  €11 
MyTsiiie,611 
Myrtaoesp,  549 
Myrtae;ft49 
Myrtle,  551 
-wax,  668 
Myrtua,ftftl 


Nao-kassar.  469 
Xaiadace«,  713 
Kai-waln,  713 

—  yalu,  ns 
Nankin  cotton,  456 
Nardssos.  69U 
Nardoo  plant,  730 
Nardostachys,  575 
Nard,  575 
Nardos,  675 
Nardus,  675 
Karthednm,  70S 
Narthex,  563 
Kassariec.  580 
Nastoika,  684 
Nasturtium,  443 
Natal  aloes,  697 
Natchnee,  721 
Native  bread,  739 

—  carrots,  502 

—  currants,  573, 590 
Natural  sysf^ems,  4i3 
Neb-neb,  526 
Nectandra,  644 
Nectarine.  531 
Neem-tree,  483 
Neilgheny  netUe,  650 
Nelumbiaoeae;  435 
NelumtJum,  435 
Nepal  saasaf  raa,  643 
Nepenthaceae,  661 
Nepenthes,  661 
Nepeta,  619 
Nephelinm,  474 
Nephrodium,  728 
Nettle,  649 

—  tea,  650 

—  tree,  648 
Neva,  705 

New     Granada     rhataay, 
477 

—  Jeney  tea,  511 

—  Zealand  flax,  697 

spinages,  ft40 

Nsai  campbor,  583 
NhandirotMB,  544 
Nlb-nib,  536 
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Nicaragua  wood,  5S4 
Nieka--tree,  526 
Nicotiana,  609 
Nig«lla,  426 
Nlff«r  teeda,  682 
Nim-tree,  483 
Nipn,  710 
Nitraria,  480,  612 
Nitrariao'^ae.  48U 
Noble  oratu^  486 
Nolana,  617 
Nolanaccae,  617 
Nomenclature,  896 
Noog,  682 
Nop»I  plant,  548 
North    American     loctut 
tree,  623 

—  ChJboa  gagar  cane,  721 
Norway  birch,  669 

—  spmce,  676 
Nofw-bleed,  681 
Nostoc,  744,  746,  747 
NotoniJ^  683 
Notorbizeie,  442 
Noyau,  532,  60S 
NocumentaceflB,  441 
Nunnari  root,  601 
Nut-gollfl,  667 
Nutmegs,  646 

— ,  American,  429 
— ,  Brazilian,  643 
— ,  calabash,  429 
— ,  Camara,  642 
— ,  dove,  642 
— ,  Jamaica,  429 
— ,  lonjj,  646 
Nnt«,  666 
Nnx- vomica,  597 
HyctaKinuoen,  638 
Nyctauthee,  611 
Nymptueaoee,  433 
Nyna,  667 


Oak  lungs,  741 
Oaks,  666 
Oat,  720 
Oatmeal  720 
Ochna,  493 
OobnaoesB,  493 
Ochro.  436 
Oohronui,  469 
Oootea,644 
Ocymnm.  619 
Odina.  613 
(Enanthe,  661,  562 
CEnotbcra,  565 
OfBcial  camphor,  643 

—  nutmegs,  646 

—  tar,  678 
Ogechee  lime,  657 
Oidiom,  789 

Oil  cake,  442,  498 

—  of  aimondt.  631 

bergamot,  486 

ben,  628 

—  ..  camphor,  648 


Oil  of  coffsia,  643 

chamomile,  681 

cltronelle,  720 

doves,  488 

—  ~  geranium,  533,  720 

ginger  graw,  720 

borsccheMtnut,  473 

jtmiper,  877 

mace,  646 

—  —  neroli,  486 

nutmegs,  646 

orange  leaf,  486 

partridge  berry,  588 

rhodium,  6u3 

roee-leaved  geranium, 

502 

aassafres,  644 

siilke,  619 

thyme,  620 

turpentine,  678 

verbena,  720 

wild    castor    seeds, 

659 

winter  green,  588 

Okra,  467 
Olacaoree,  489 
Olnx,  489 
Oldenlandia,  574 
Oldflddia,  669 
Old  man's  beard,  692 
Olen,  610 

—  vermdho,  522 
Oleaoen.  609 
Oleaster,  640 
(Jleum  nigrum,  509 

—  origani,  620 

—  unocA,  428 
Oltbannm,  516 
OUve,  609,  610 

—  bark,  610 

—  gum,  610 

—  lutveH,  610 

—  oU,  610 

—  wood,  610 
Olivlle,  610 
Ombrophytum,  671 
Omphalea,  659 
Omphalobium,  515 
Omum,  561 
Onagraoeie,  664 
Oncoba,  447 
Onions,  697 
Onobrychi^  619 
Opaque  bdellium,  518 
Ophelia,  600 
Ophioglossaoeee,  727 
OphiogloewsB,  727 
OphiogkMsnm,  728 
Opium,  437 

—  poppy,  437 
Opobalsamnm,  518 
Opoponax,  563 
Opuntia,  548 
Orange,  485 

-  berries,  485 

—  flower  water,  485 

—  onler,  483 
Orobella  weeds,  741 
OrchidaoeiB,  680 


Orobll,  741 
Orchis,  682 
Ordeal  bnrk,  627 
—  bean,  622 
Orders,  393,  896 
Oreodaphne,  644 
Orgeat,  717 
Origanum,  620 
Orinoko  tobaooo.  609 
Orobanciiacen,  626 
OrobuB,  522 
Orontiaceoe,  703 
Orontium,  703 
Orris,  688 
Orthoplooen,  442 
Orthospermcae,  560 
Oryza,  722 
Osage  orange,  652 
Oionunda,  728 
Oiftrya,666 
Oifwego  tea,  619 
Otahdte  aalep,  691 
Otto  of  rose,  632 
Ouvirandra,  708 
Ovoid    China   cardamom, 

684 
OxalidaoesB,  499 
Oxalis,  600 
Oxloya,  482 
Oxj  coccus,  587 
Oyster  plant,  584,  618 


Paohtm A,  739 
Pawny,  426 
Padoe  Kidang,  728 
Pale  oatechc,  574 

—  cinchona  bark,  572 
Palicurea,  674 
PalmacesB,  703 
Palma  Christi,  669 

-  rosie  oil,  602 
PalmcUa,  746 
Palmetto,  706 
Palm  oil,  706 

—  sugar,  706,  706,  707 

—  wax,  706 

—  wine,  706,  707 
Palm^  703 
Palmjra  fibres,  706 

—  palm,  706 

—  wood,  706 
Palo  de  vaca,  663 
Pampas-grass,  721 
Panacea  lapsorum,  581 
Panama  hats,  710 
Panax,  666 
Pandanaosn,  709 
Pandanns,  710 
Pangiaoen,  542 
Paiiginm,  642 
PanTonm,  722 
Panna,  728 

Pansy,  449 
Pao  Pereira,  598 
Papaver,  487 
Papareracea^  436 
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Papaw,  MS 
Papayacete,  543 
Paper  reed.  717 
Papilionaceffi,  61 8^  519 
— ,  nutritions,  519 
— ,  poisonous,  519 
Pappea,  474 
Paprika,  607 
Papyrus,  717 
Para  graw,  707 

—  India-rubber,  668 

—  nuts,  65S 

—  plassata,  707 

—  rhatany,  477 

—  sarsxparilla,  694 
Paraguay  holly,  691 

—  tea,  591 
Pareira  brava,  431 
Parietaria,  650 
Parinarium,  531 
Paris,  694 
Paritium.  467 
Parklnsonia,  62< 
Parmelia,  741 
Parmentiera,  623 
Paronychia,  539 
ParonyohiaoesB,  630 
Paropsis,  541 
Parsley,  561 

—  piert,533 

Parsnip  chervil,  660.  661 
Partridge  berry,  688 
oil  of,  588 

—  canoB,  706 

—  wood,  489 
Paflpalum,  719,  723 
Passerina,  640 
Paasiflora,  541 
PassifloraceiE,  641 
Passionflower  order,  541 
Passions,  632 
Pastinaca,  561 
PatchoiUy,  620 

—  oil  of.  620 

P4te  de  guimauve,  456 
Patent  barley,  721 
Paullinia,  474 
Pavonia,  467 
Payena,  693 
Payta  rhatany,  477 
Poa,  518 
Peach,  631 

—  wood,  624 
Pear,  633 
Pearl  barley,  721 
Peas,  619 
Peccan-nut,  666 
PedaliacesB,  622 
PedaUum,  622 
Peeled  colocyntb,  645 
Peepla  mooL,  638 
Peganon,  492 
Peganum,  497 
Pekea,  471 
Pelargonium,  602 
Pellitory,  681,  650 
Peltidca,  741 
PelUgera,  741 
Femmican,  633 


Penieft,  642 
PcnsBaoee,  641 
Penang  lawyers,  706 
Penawar  jambie,  728 
Pencil  cedar,  677 
Penicillaria,  723 
Peniciliimn,  739 
Pennisetnm,  722 
Pennyroyal,  619 
Pentadesma,  469 
Pepper-dulse,  747 
Peppermint,  619 
Peppers,  493,  6«j7,  637 
Pepperwort,  729 
Perennial    wormgrafi«, 

597 
Pemanibuco  rubber,  596 
Persea,  644 
Persian  berries,  61 1 

—  inject  powder,  683 

—  tobacco,  6U9 
Persimmon,  691 
Peruvian  bark,  672 

—  heliotrope,  617 

—  rhatany^  477 
Peruvian     winter-cherry, 

607 

Petiveria,  636 

Petiveriaoete,  636 

Peto,  728 

Petroselinum,  561 

Petty  rice,  635 

Peucedanuni,  661 

Pcumus,  645 

Phalaris,  722 

Phaneroganiia,  422 

Pharbitis,  603 

Ptuiscac^tc.  733 

Phascoffi,  733 

Pliaseolus.  519 

Pbiladelpliacece,  548 

Phila/lelphuK.  649 

Philesia,  695 

PhUcsiuceiP,  696 

PhUy.iraccaj,  701 

Phlox,  604 

Phoenix,  707 

Phormium,  697 

Phyllanthus,  659 

Phyllocactns,  647 

Physahs,  607 

Physic  nut«,  658 

Physostigma,  619,  622 

Phytelephas,  707 

PhytocrenaccflB,  654 

Phytocrene.  654 
Phytolacca,  636 
Phytolaccacese,  635 
Piassaba,  705,  707 
Picotees,  464 
Picncna,  495 
Pierardia.  474 
Pigcon-pcas,  619 
Pig-faces,  640 
Pig-nuts,  561.  665 
Pilocarpus,  492 
Pimelea,  640 
Pimento,  551 
Pimpinella,  561 


Pinaoefle,67S 
Pindova  palni,  TOf 
Pine-apple,  6M 

—  fibre,  693 
Pine  nuts,  678 

—  woods,  676 

—  wool,  678 
Pines,  676 
Piney  resin,  4M 

—  taUow,  465 

—  tree,  468 
Pinguicnla.  637 
Pink-root,  697 
Pink  onier,  461 
Pinks,  4r>3 
Pinus,  678 
PiperaoesE,  637 
Piper  aethiopicnm,  429 

—  aduncnm,  637 

—  angustifolium,     582, 
637 

—  jaborandi.  493 

—  nigrum,  637 
Pipewort,  714 
Pi-pi,  524 
Pipsissewa,  689 
Piratinera,  664 
PL<Kddia,  619 
Pistacia,  513 

—  nut,  618 
Pistiacese,  713 
Pisum,  619 
Pita  hemp,  690 
Pitch.  678 
Pitcher  plant,  661 
Pitto.  723 
Pittosporaceas,  488 
Pitury,  608 
Plane  tree,  664 
Plantaginaceas,  614 
Plantago.  616 
Plantain.  686 
Plant  fountains,  654 
Platanaoese,  664 
Platanus,  654 
Pleuriuy-root,  601 
Pleurorhiieae,  443 
PlocAria,  746 
Plum,  631 

Plumhaginaoes!.  613 
PlumbHgo,  614 
Plume  nutmeg,  644 
Plumieria,  696 

Poa,  722 
Poaya,  673 
Pocan,636 
Pod  pepper,  607 
Podocarpus,  679 
Po«iophyllum,  433 
Podost«roacee.  639 
Podosteraon,  639 
Poel^,  695 
Pogoeteraon,  620 
Polnciana,  536 
Poirde  4  carde,  634 
Poison  ash,  514 

—  elder,  614 

—  nut.  696 

—  oak,  614,  68a 
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Poll  qn^nlqvH.  A? 
rolre,«M 
FolanLila.  M 


Palygnliierm.  tM 
Poljg»ml».  *W 


¥(in.'wort«nlor.  4J7 


PrU-kl)  .Mil,  in 
-  Uurit,  4M 


RunpLnn  at 


Rattan  ann.  70 
Hircmli.  BM 


ryKttirnm.  »} 
P/nilHCOB,  M* 


—  w(»l,  4M 
<;iieeD'BdclU|lit, 


(Jutnixi.  113 
Dut«iq«1w 


Relnditr  mmH,  741 
llnedn,  MB 

RflABilBCOC,  44fl 

Rnln  of  CHmn*, » 


ahnlmrtw, «» 
Kbui.  IIS 
Blbeii,t48 
Ribwort,  «]i 
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Senecloideae,  579 
Senega  snake-root,  476 
Sen6  saavage,  531 
Sonim,  519,  631,  534 
Septulatae,  441 
8eri)entary  root,  668 
Service- berry,  533 

—  tree,  63 
Sesame  oiU  632 

—  toetls,  622 
Besanmiu,  622 
Besnvea?,  64o 
Setaria,  722 
Bethia,  481 
Seville  orange,  485 
Sha<l-berry,  633 
SImdiiock,  486,  486 
Sliallot,  697 
Bhainoola,  722 
Shamrock,  500 
Bhaiighae  oil,  442 
Shan- mo,  739 
Sliea-bntter,  693 
She-oak,  668 
Slilkimi  fruit**,  427 
Sliiraz  tobai'co,  609 
Shittali -tree,  627 
SJdttIm  wood,  637 
Shola,  519 

—  hats,  703 
Sliorea,  464 
Shnmac,  614 
Siam  bonzoin.  591 

—  gamboge,  468 
Shuimm,  521 
Siberian  stone  pine,  678 
Siceee,544 

Sicilian  i^pyrtus,  717 
Sida,  467,  468 
Bidcee,  466 
Sideroxylon,  693 
Side-Middle,  436 
Sidhee,  660 
Sipjos,  671 

Sit?rra  Leono  pcacli,  574 
Silenc,  463 
Sllen«e,  463 
Siloflian  l>eet,  634 
Stliculosic,  441 
Siliquosa^,441 
Silk-cjotton,  469 

—  order,  468 
Silphium,  663,  683 
Silver  fir,  677 
Simaba,  496 
Simaronbn,  496 
Simaruba,  495 
Sinmnibacco?,  494 
Siuapis,  443 
Singhara  nut,  566 
Sintoc  bark,  643 
Siphonia,  668 
Siraballi,  644 
SiB800,  621 
SifiBom.  621 
Sium,561 

Six-rowed  barley,  721 
Sizygium,  553 
Skiini,427 


Skirret^  561 

Skunk  cabbage,  703 

Slender  calaguala,  728 

Slipper)'  elm,  649 

Sloe,  531 

Slokau.  747 

Sloke,  747 

Small    Amerioin    cassia, 

636 
Smilaceic  693 
Smilax,  691 
Smymium,  661 
Snake  gounl,  646 

—  root.  476 

—  wo<nl,  698,  664 
Suowberry,  670 
Soap  wort  onler,  472 
Sobralia,  683 
Socotrine  uloe^*,  697 
Soja.  623 

Sola  hatd,  703 
Solanaoese,  604 
Solanes,  606 
Solanum,  604,  6c>7 
Sola^  juice,  522 
SolenoHtemma,  601 
Sollya,  488 
Solomon's  seaL  698 
Soluble  cocoa,  461 
&jnsonat«    black  balsam, 

622 
Sooja,  523 
Sophom,  623 
Sorghum.  721 
Sorrel,  632 
Souari  nut,  471 

order,  471 

Souchet  comestible,  717 

Soulamea,  477 

Soar  gourd,  469 

Sour-soi),  428 

South    Ameri(^an    cotton, 

466 
Sow-brejul,  613 
Soy,  623 

Soymida,  483,  897 
Sx)aiii8h  broom,  623 

—  chestnut,  686 
-  colocynth,  545 

—  juice,  621 

—  moss,  G92 

—  onioiu  697 
3pArattosi)erma,  624 
Si>artium,  623 
Spearmint,  619 
Species,  390 
Specularia,  686 
SiKjlt,  723 

Spelta,  723 
Spliffiria,  738 
Sphagnacea?,  733 
Spliagneae,  732 
Spliagimm.  733 
Spice  pepper.  607 
Spiderwort,,  701 
SpigeUa,  697 
Spikenard,  675 
Spinacia,  634 
Spinage,  634 

3k2 


Spindle-tree,  509 

Spinea,  633 

Spirits      of      turpentine, 

678 
Spirolobea?,  442 
Split-moss.  733 
S|K)gel  seeds,  616 
S^Kmilias,  614 
SiK)nge  gourd,  646 
Sport,  392 
Sprat,  721 
Spring  liarlcy,  721 

—  wheat,  733 
Spruce  beer,  677 

—  firs,  676 
Spurge  flax,  640 

—  laurel,  640 

—  wort,  655 

Spurious   winter's    hark  . 

488 
Spurrecl  rye,  722 
Squaxli.  645 
Squill,  698 

Squirting  cucumber,  646 
St.  Ignatius'  bean^  697 
St. .  John's    wort    order, 

469 
St.  John's  bread,  525 
St.  Micliael's  orange,  485 
St.  Salvador  black  balsam, 

522 
Stachys,  619 
Stachytarpha,  621 
Stackhonsia,  509 
Stuckliousiaceffi,  509 
Stacte,  616 
Stagmaria,  614 
Staphylea,  510 
Staphyleaceee,  609 
Star-anise,  427 

—  apples,  693 

—  wort,  665 
Statico,  614 
Stavesacre,  425 
SU>llata?,  671 
Sterculia,  469 
Sterculiacon^,  468 
Sticklac,  521 
Sticta,  741 
Stilaginaecfl?,  655 
Stlhigo.  655 
Stilbiueee,  598 
StilliuHia.  66U 
Stimulant       uml)cllifen«, 

561 
Stinking  goos<-foot,  635 
SUpo,  719,  723 
Stock. 444 
Stonecrop,  637 

—  biting,  638 
Stone  pine,  678 
Storax,  594,  669 
--  bark,  669 
Stramonium,  608 
Strasburg  turpentine,  677 
Stravadium,  553 
Strawberry,  633 
Stringy-bark  tree,  55 

gum  tree,  550 
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Strong-scented    lettnoe, 

584 
Stryohnos,  597 
Stylewort  order,  586 
Stylidiaceac,  586 
Styracaceffi,  593 
Styrax,594 
Sab-olass,  394 

—  genus,  895 

onlers,  894 

tribes,  394 

8ubjee,  650 

Soccns  Lypocistidis,  672 
Sugar  berry,  648 

—  cane,  722 

—  candy,  722 

—  maple,  478 
Sultanas.  487 
Sumach,  513 
Sumatra  benzoin,  594 

—  camphor,  464 
SumbuU  562 

—  root,  562 

,  Indian.  663 

Summer  saTory,  619,  620 

—  wheat,  723 
Sundew,  450 

—  order,  449 
Sunflower,  582 

-  foap.  682 
Sunn,  467,  621 

Sun  nee  liemp.  457,  621 
Surianaceai,  636 
Surinam  l)ark,  620 

-  medlar,  55)3 

—  -  quaRsia,  4J»6 
Suwiirrow  nuts,  471 
Swamp  hellebore,  700 

—  pine,  678 

—  rice,  723 

—  sassafras,  427 

—  Hilk-wec<l,  601 
Swartzitt,  626 
Swedish  turnip,  442 
Sweet  almond,  531 

—  bay, 043 

—  birch,  669 

—  cassava,  669 

—  femu'l,  661 

—  -  furn,  607 

—  tiajf,  703 

—  jfuni,  6G!> 

—  lierl)s,  61U 
-leaf,  694 

—  marjonuii,  61 1».  (>*_'U 
-oil.  6J0 

—  -  oningc.  41S5 

—  potHU\  603 

—  sop.  428 

—  sorgho,  721 

—  verbcmi,  621 

—  violet,  449 

—  William,  463 
Sweetwood,  644 
Swioteida,  482 
Swine  tang,  746 
Swiss  char<l  l)eet,  6S4 
Sycamine,  662 
Sycamore,  479 


Sycamore  figs,  662 
Sycomoms,  652 
Symbols.  897 
Symphoricarpus,  670 
Symphytum,  616 
Symplooaceae,  693 
Symplocarpus,  703 
Symplocos,  594 
Syrian  papyrus,  717 
Syriuga,  549,  610 
Syrup  of  capillaire,  727 
System  of  Bentham  and 
Hooker,  418 

De  Candolle,  418 

EndUcho",  415 

Jussieu,  412 

Lindler,  416 

Linneus,  401 

Ray,  412 

this  Manual,  419 

Systems,  artificial,  401 

—  natuml,  410,  412 

—  of  classification,  399 


Taao,  621 
Tal>an-tree,  693 
Tabasheer,  721 
Tabcnuemontana,  6;)6 
Tacamahac,  616 
Tacai,  691 

—  Ktarch,  691 
Tacoaceae,  691 
Tacsonia,  541 
Tafrifa,614 

Tahiti  anowra^t,  691 
Tail-pepper,  637 
Talipot  palm,  706 
Talliooonah,  483 
Tallow-tree,  469,  680 
Tamaricaceie,  451 
Tamarind,  626 

—  plum,  625 
Tamarindus,  626 
I'amarisk  onler,  461 
Tanuirix,  461 
Tampico  jalap,  603 
Tanipui,  474 

Tan  ins,  693 
Tanacctum,  683 
Tangerine  omnKe,  486 
Tanghinia,  696 
Tannic,  747 
Tanshwul,  747 
Tansy,  683 
Tapioca,  669 
Tappuacli,  486 
Tara,  712 
Taraxacum,  684 
Tares,  619 
Tarragon,  681 
Tasconia,  641 
Tasaiannia,  428 
Tasmanian  cranberry,  690 
Taxacofe,  678 
Taxus,  679 
Tayuru,  646 


Te»,4S6 

—  at  heaven,  SS7 

—  order,  466 

—  plant,  661 
Teak-tree,  621 
Teasel,  676 
Teoonia,634 
Tectona,  631 
Teenah.  668 
TM  oil,  628 
Teff,728 
TeUkirIa,646 
Tephroaia,  523 
Terebinthina,  678 
Terminalia.  666 
Tematroemiaoeoe,  466 
Terra  japonioa,  674 
TMtadinaria,  693 
TetUla,  639 
Tetragonee,  640 
TetragonJa,  640 
Tetragoniaceae.  640 
Tetraponax,  666 
Texas  saraaparilla.  431 

—  snake  root,  662 
Thalamiflone,  422 

—  analysis  of,  604 
Thallogenn,  736 
Thallophyta,  736 
Thapsia.  663 
Thd  Arabe.  639 

—  de  I'Biu^pe,  626 

—  sanguinaire,  639 
Thea,  466 
Theobroma,  460 
Theophrasta,  613 
Tliesium,  662 
Thevctia,  596 
Thistles,  497,  682 
Thorn-apple,  6U8 
Thoroughwort,  682 
Thrift,  613 

Thus,  678 
Thyme,  619 

—  oil  of,  620 
Thjntnelaceie,  639 
Thymus,  620 
Ticorea,  492 

Til,  644 
Tilia,463 
Tiliacne,  461 
Tilieffi,  462 
Tillandsia,  692 
Tinnivelly  senna,  d2i 
Tinospora,  431 
Ti- plant,  697 
Tiaao  flowers,  620 
Tobacco,  60e 

—  root,  540 
Tocusso,  721 
Toddalia,  483 
Toddy,  706,  706,  707 
Tomatoes,  607 
Tonga,  621.  n2 
Tongooee  fibres,  601 
Tonic  nmbeIlifen^  661 
Tonka  beans.  631 
Tonquin  beans,  681 
Tontelea,  479 
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Toolae  t<»ft.  619 
Toon  wood,  482 
Toothnolio-troo,  564 

nhrub,  493 
Tootliwort,  611 
Toiiana,  561 
Tormontilla.  533 
Tortoise  plant,  69U 

—  woo<l,  573 
Toumosol,  741 
TouH  les  Qiois,  6M5 
Tow,  498 

Towol  gouitl,  546 
Toxicarium,  690 
Trachylobium,  626 
TraKacaiith,  519 
Tragopogon,  684 
Trailing  arbutus,  588 
Trai)ft,  656 
TravoUer's  tree,  686 
Treacle,  722 
Trobizoud  honey.  588 
Tree  btard,  692 

-  coiial.  526 
cotton,  456 

—  lung- wort,  741 

—  of  long  life.  651 

—  preony,  426 
Trefoil,  519 
Tremaiuilracefc,  477 
I'rianosperma,  546 
Tribes  394 
Tribulus.  497 
Tricliilia,  483 
Tricliorlesniiuui,  745 
TrichoHanthes,  546 
Trichorttomnia,  620 
Trifoliuni,  519 
Trigonella,  523 
Trilliaccffi,  694 
Trillium,  696 
Triostonm,  570 
Tripe  do  rochc  741 
TriptoloniflBa,  524 
Triticum,  723 
Triunifetta,  463 
Trinridacoae,  714 
Triuris.  714 
Trop«K>lttceie,  502 
Tropajolura,  003 
True  chamoHiilc.  581 

-  nmideuliair,  727 

-  nutmegs,  646 

-  oil  of  spike,  619 
Trume«,  736,  740 
Trumpet  flower,  6S3 
Tsz-T;»ai,  747 
TuN^r,  736,  740 
Tubuliflorae,  579,  580 
Tuckahoe,  739 
Tulip-tree,  427 
Tulp,  688 

Tuuga  wood,  482 
Tapa,086 
Turiofl,  697 
Turkey  box,  657 

—  colocynth,  546 

—  oak, 666 

—  root,  674 


Turkish  millet,  721 

—  oil  of  goranium,  720 

—  tobacco,  609 
Turmeric,  684 

~  tincturo  of,  684 
Turnern,  542 
~  order,  541 
Tumemcea?,  641 
Turnip,  442 
Turnaolo,  658 
Turpentine,  678 
Turpeth,603 
Tussac-grasfl,  721 
Tussilago,  583 
Two-rowed  barley.  721 
Tylopbora,  601 
Typha,  710 
Typhac«?aB,  710 


UuiKAl.  495 
Ullucuii,  635 
Ulmacoas  648 
Ulmes,  648 
Ulmu8,  648 
Ulva,  744.  747 
Umbellifcrs,  558 
Umbel liferouA  onler.  568 
Umbilioiria,  741 
Umiri  balsam,  490 
irncaria,  574 
Uncoated  ginger,  685 
Uncomocomo,  728 
Unona,  428 

Unpeeled  colocynth,  545 
Upns,  653 
1-IKis  tieutd,  597 
Urari,  698 
Urceola,  596 
tJrglnca,  69H 
UmmoBA,  733 
Urtica,  660 
UrtlcaciW,  649 
Urucuri  nutn,  703 
Utricularia,  627 
Uvaria,  429 
Uva  urei,  688 
Uvularia,  700 


Vaccaria,  453 
VacciniaceiB.  587 
V'accinium,  587 
Valiem  69« 
Valerian,  576 
Valeriana,  675 
Valerianaceas,  575 
Valerian  onler,  575 
Valerianella,  675 
Vallea.  463 
Valoflia,  667 
Vanilla,  683 
VarieUes,  391 
— i  permanent,  391 


Variolaria,  740,  743 
Varronia.  602 
Vateria,  466 
Vatica,  466,  516 
Vegetable  Ethiops,  746 

—  but  tor  of  Canara,  465 

—  ivory,  707 

—  marrow,  545 
silk,  469 

-  sulphur,  731 
V(>lvet  tamarinds,  525 
Ventilago,  612 
Venice  turpentine,  677 
Vcnua's  fly-trap,  450 
Vera  CJruz  elemi,  515 
Venitrum,  700 
Verbaacnm,  626 
Verlxjna,  621 
V^erbenaccae,  630 
Vermicelli,  723 
Vemonia.  583 
VemonicTO,  679 
Veronica,  626 

Vert  de  voswle,  611 
Vervain,  620 
Vefwa,  666 
VetchcH,  619 
Vetiver,  720 
Vibunium,  670 
Vicia,  819 
Victoria,  435 

—  water-Iilv,  435 
Victor's  laurel,  643 
Vine,  486 

-  fungus,  739 
Vinegar-plant,  739 
Viola,  449 
Violacefp,  447 
Violea?,  448 
Violet,  449 

—  order,  447 

—  rhatany,  477 
Virginica,  666 
VirginUm  creeper,  4b7 

—  date  plum,  591 

—  red  cedar,  677 

—  snake  root,  662 
VirtcaocHe,  663 
Vlscum,  663 
Vismia,470 
VitaoeHt.  486 
Vitex,  621 
Vitirt,  4«7 
Vittio-vayr,  720 
Viviania  order.  454 
Vivianiaoefe.  454 
Voandzea,  624 
Vochyaia,  610 
Vochysiaceie,  610 
Volatile  oil  of  sweet  bay, 

643 
Volvociueae,  743 


Wagknboom,  641 
Wai-fa,533 
Wake-Robin,  711 
Wakoo,509 
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Wallflower,  444 
Wall  i»llitory,  660 
Walnat,  666 
Waltherla,  460 
Wami)ee-fruit,  4A6 
Wanaey,  602 
Warao.  660 
Warree,  722 
Water  bean,  486 

—  chestnut.  666 

—  oresa,  443 

—  dropwort,  662 

—  hemlock,  562 

—  Uly,  433 

—  maize,  436 

—  melon,  646 

—  pepper  order,  461 

—  pepper,  632 

—  pitcher,  436 

—  shiohl,  433 

—  tree,  686 

—  viiic«,  664 

—  wort,  701 

—  yam,  708 
Wax  berry,  667 

—  lemon,  486 

—  myrtle,  667 
Wayiaring-tree,  670 
Weandoe,  468 
Weld,  446 

West    Indian    arrowroot, 
686 

—  -     -  cabliftgp  palm,  706 

corkwo(Ki,  428 

locust  tree,  626 

Wlioat,  728 

White  agarip,  731) 

—  baLsanu  622 

—  beet,  634 

—  bryony,  645 

—  currant,  648 

—  dammar,  466 

—  galls,  667 

—  ginger,  685 

—  gourd,  616 

—  hcllcbori',  7«M> 

—  mangrove,  621 

—  mullH'rry,  662 

—  nuutanl,  443 

—  oak.  666 

—  -  parol ra  brava,  431 

—  -  ptiyta  bark,  5I»5 

pepper.  637 

—  -  pine,  678 

—  quebracho  bark,  696 

—  spruce, 676 

—  walnut,  665 

—  wax,  610 


Whortleberry,  887 
Wig-tree,  612 
Wild  apricot,  469 

—  black  dierry,  631 

—  cabbage,  442 

—  cherry,  632 

—  cinnamon,  488 

—  clore,  661 

—  date  palm,  707 

—  ginger,  662 

—  goixrd,  645 

—  hydrangea,  537 

—  indigo,  630 

—  lettuce,  584 

—  liquorice,  51!) 

—  mangoes,  495 
marjoram,  619 

—  nutmeg.  643.  646 

-  pepper,  621 
-rliea,649 

"  Henna,  621,  622 

-  service  tree,  633 

—  vanilla,  683 

—  -  vine,  646 

—  yam,  698 
Willow,  669 
Winter  aconite,  425 

—  berry,  692 

—  cherry,  607 

—  gxwn,  589 
,  oil  of,  688 

—  savory,  619,620 

—  wheat,  723 
Wintereie,  427 
Winter's  bark,  427 

—  —  spurious,  488 
Witch  haxel,  657 
Withania,  607 
Woad,  443,  621 
Wonder  of  the  world,  666 
Wood-apple,  486 

—  nettle,  660 

-  oil,  464 

—  of  China.  658 

sorrel,  499 
~  tiir,  678 
Woody  ipecacnanlw.  449 

-  jabip,  603 

-  nightsliade,  607 
W«M)rali  joi-ion,  698 
Worm  Ixirk,  520 

-  mushroom,  739 
Wonusee^l,  681.  597,  fi3S 
Wormwood,  581 
Wourali,  698 
Wrightia,  596 
Wurriis,  660 

Wyoh  elm,  648 


Xahthium,  683 
Xanthorrhixa,  425 
XanthoiThcBa,  698 
Xanthoxylaoeae.  493 
Xanthoxylon,  493 
Ximenia,  489 
Xylocarpus,  483 
Xylopia,  429 
Xyridacee.  701 
Xitis,  701 


Yams,  693,  712 
Yang-ta«i,  747 
Yeast-plant,  739 
Y'egaar-tree,  516 
Yellow  berries,  511 

—  cinchona  bark,  572 

—  deal,  678 

—  dye-tree,  428 

—  flag,  688 

—  jasmine,  597 

—  parcira  brava,  431 

—  parilla,431 

—  pine,  678 

—  redxL,  698 

-  root,  425 

~  wood,  482,  524 
Yerba  mansa,  639 
Yercum  flbreA,  601 
Yew.  679 

—  tree  tea,  679 
Young  fustic,  514 
Yucca,  698 


Zachux,  51  if 
Zamia,  680 
Zante  fostia  514 
Zanthoxylnm.  493 
Zanzibar  <X)pal,  526 
Zea,723 

Zebra- wood,  616,  573 
Zedoary,  684 
Zemmbet  684 
Zingiber,  685 
ZingibexHceae,  683 
Zinzeyit,  641 
Zizania.  723 
-  straw,  723 
Zizyphus.  513 
Zostera.  713 
Zosteracece.  713 
Zygopbyllacett,  496 
Zygopbyllum,  497 
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This  publication  consists  of  original  coloured  illustrations,  natural  size, 
with  accompanying  descriptive  text,  of  the  pLints  which  jrield  the  drags 
in  common  use.    In  making  a  selection  from  the  very  large  number  of 
species  reputed  to  be  of  medicinal  value,  the  British  PharmacopcBia 
has  been  taken  as  a  foundation,  al    the  plants  contained  in  it  being 
figured.    To  these  have  been  added  a  large  number  of  others  which, 
although  not  official  here,  are  included  in  the  United  States  Pharma- 
copoeia or  in  the  Phirmacopceia   of    India.     This  work  thus  serves 
especially  as  an  illustrated   Botanical  Guide  to  the  British,  United 
States,  and  Indian   Pharmacopoeias,  but  it  also  includes  other  species 
employed  in  different  parts  of  £urop>,  or  in  common  use,  though  not 
official,  in  this  country.     Some  others  which  afford  food  substances,  of 
value  chiefly  to  invalids,  and  a  few  of  our  most  poisonous  indigenous 
plants,  have  also  been  added. 


*  The  plates  are  excellenr,  while  the  letterpress  is  clear,  careful,  and 
complete/ — BsrrisH  Medical  Journal. 

'  A  work,  which,  from  all  points  of  view,  is  a  credit  to  the  scientific 
literature  of  the  day.' — Lanct. 
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ANATOMY. 

BBAUNE,— An  Atlas  of  Topographical  Ana- 
tomy, rfter  Plane  Sections  of  Frosen  Bodies.  By  Wilhslx  Bkauvb, 
Prof  enor  of  Anatomy  in  the  Unireraity  of  Leipsig.  Translated  by 
Bdwaed  BsLLAirr,  F.R.C.8.,  and  Member  of  the  Board  of  Examiners ; 
Sturgeon  to  Charing  Cross  Hospital,  and  Lecturer  on  Anatomy  in  its 
School.  With  84  Fhoto-lithographio  Plates  and  46  Woodcuts.  Large 
imp.  Svo,  40b. 

i^ZrOTTJ^:^.— Diagrams    of   the    Nerves    of   the 

Human  Body,  exhibiting  their  Origin,  Divisions,  and  Connexions,  with 
their  Distribution  to  the  Tarious  Regions  of  the  Cutaneous  Surface,  and 
to  all  the  Musdes.  By  William  H.  Flowkh,  F.R.C.8.,  F.B.8., 
Hunterian  Profnsor  of  Comparatiye  Anatomy,  and  Conservator  of  the 
Museum,  Royal  College  of  Surgeons.  Third  Edition,  containing  6 
Plates.    Royal  4to,  ISs. 

GODLEK — An     Atlas    of     Human    Anatomy: 

illustrating  most  of  the  ordinary  Diasectioos ;  and  many  not  usually 
practised  by  the  Student.  By  Rickmaw  J.  Oodlks,  M.S.,  F.R.^., 
Assistant-Surgeon  to  Uniyersity  Colhge  Hospital,  and  Senior 
Demonstrator  of  Anatomy  in  Uniyersity  OoHege.  With  48  Imp.  4to 
Coloured  Plates,  containing  Hi  Figures,  and  a  Volume  of  Explanatory 
Text,  with  many  Engravings,  Svo,  £4  14s.  6d. 

HEATH, — Practical    Anatomy:    a    Manual    of 

DisMctions.  By  Chrtstophkb  Hbatb,  F.R.C.8.,  Holme  Professor  of 
Clinical  Surgery  in  University  College  and  Surgeon  to  the  Hospital. 
Fifth  Edition.  With  i4  Coloured  Plates  and  168  Engravings.  Crown 
6vo,  16b. 
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Henya,  739 
Henyantheee,  699 
Menyanthea,  699 
Mertonsia,  616 
Merulina,  739 
Heeembryaceo',  639 
Heaembryanthemum,  640 
Heeembrye»  640 
Hespilodaphne,  64S 
Heapilus,  683 
Hesua,  469 
Hetrosidflros,  661 
Hetroxylon,  707 
Heam,  66S 
Hew,  663 
Mexical,  690 
Hezican  oopal,  626 

—  elemi,  616 

—  KTa08,692 
— -  gum,  693 

—  llgn-aloe  wood,  617 

—  Baraaparilla,  694 
•—tea,  636 

—  thistle,  437 
Hesereou,640 

—  bark«  640 
Hicbelia,  438 
Hicromeria,  619 
Hl^rnonette,  446 

—  order,  446 
Mikania,  683 
Mildew,  740 
Milkweed,  600,  668 
Milkwort  order,  476 
Millot,  728 

—  beer,  721 
Mllnea,  483 
Mimosa,  626 
Mimoseee,  618.  636 
MimujBopa,  693 
Mints.  C19 
Mirabilia,  633 
Mishinee  bitter,  436 
Mistletoe,  663 
Mitohamitcho,  600 
Mocha  senna,  624 
Mock  orange,  649 

—  plane,  479 
Mogadore  colocynth,  646 
Moghi,  739 

Mokal.  616 
Molascies,  733 
Molinia,  723 
Molucca  berriea,  463 
Mollaginete,  463 
Momordico,  646 
Monarda,  619 
Mon(»ia  bark,  693 
Monimia,  646 
Monimiaceee,  646 
Monkey  apple,  468 

—  bread.  468 
^- grass,  707 

—  pot,  663 
Monkshood,  434 
Monk's  rhubarb,  633 
Monnina,  476 
Monochlamydese,  631 
~,  analjais  of,  673 


Monoootyledones,  680 
— ,  analysis  of,  738 
Mouodora,  429 
Monotropaceae,  589 
Monrovian  coffee,  673 
Montpcllier       scamniony, 

601 
Moodooga  oil,  631 
Moonseed,  481 

—  order,  480 
Mor,  616 
Mora,  636 

—  wood,  636 
Moraceie,  661 
MonBa,688 
Morchella,  736,  739 
Morel,  736,  739 
Moreton  Fay  canes.  708 

chestnatA,  631 

Morinda,  673 
Moringa,  638 
Moringaceae,  637 
Moms.  663 

Moeqoit  bean,  637 
Mow,  783 
Mote  grease,  488 
Mother  cloves,  660 
Moold,  738,  789 
Moant  Sinai  manna,  461 
Mountain  arnica,  681 

—  ash,  633 

—  damson,  496 
-  hemp,  608 

—  laurel,  689 

—  mango.  468 
•  -  pine,  678 

—  spinach,  634 

—  tea,  689 

—  tobacco,  681 
Montan.  426 
Moxas,  681,  683 
Muoor,  789 
Mucuna,  633 
Mudar  bark,  601 

—  fibres,  601 
Mugho,  678 
Mulberry,  663 

—  paper,  662 
Mulleins,  636 
Munjcet,  674 
Mimjista,  674 
Mur,  616 
MuriU  palm,  707 
Mtirraya,486 
Murwa,  731 
Musa,  686 
Musaceae,  686 
Muscadine,  488 
Muscatels,  487 
Musci,  733 
Mushroom.  786 

—  edible,  736 

—  poisonous,  736 
Mustard,  448 
--troe,61l 
Musk  root,  663 
Mutlsieae,  580 
Mylitta,  789 
Myopora,  631 


MyoporaoeaB,  631 
Myroia,  651 
Myrica,  667 
Myricaceie,  667 
Myristica.  646 
M3Msticaoeae,  645 
Myrobalans,  556 
Myrospermom,  532 
Myroxylon,  522 
Myrrh,  615 
Myirha,  515 
MyntinAoeffi,  611 
Myrsine,  611 
MyrtaoeaB,  549 
Myrteae,  549 
Myrtle,  551 
—  wax,  668 
MyrtuB,  551 


Nao-kassar.  469 
Naiadacese,  713 
Nai-walu.  713 

—  yalu,  713 
Nankin  cotton,  456 
Nardssua.690 
Xardoo  plant,  730 
Nardostachys,  575 
Nard,  675 
Nardos,  575 
Nardus,  576 
Narthecium,  703 
Narthex,  663 
Nassariesp,  680 
Nastoika,  684 
Nasturtium,  448 
Natal  aloes,  697 
Natchnee,  731 
Native  bread,  739 

—  carrots,  602 

—  currants,  573.  590 
Natural  ays' ems,  4l2 
Neb-neb.  526 
Nectandra,  644 
Nectarine,  531 
Neem-tree,  483 
Neilgherry  nettle,  660 
Nelumbiacee,  485 
Nelumbium,  485 
Nepal  saa^f  ras.  643 
Ncpenthaceee,  661 
Nepenthes,  661 
Nepeta,  619 
Nepbeliom,  474 
Nephrodium,  728 
Nettle,  649 

—  tea,  650 

—  tree,  648 
Neva,  705 

New     Qranada     rhatasj, 
477  ^ 

—  Jersey  tea.  511 

—  Zealand  flax,  697 

spinagQ,  540 

Neai  camphor,  583 
Nhandirobeea,  544 
Nib-nib,  6S6 
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KIcanigCHiwood,  6S4 
Utakcr-tree,  ftS5 
Nkotkuia,  609 
Nigelbs426 
Niger  seedA,  68S 
Nim-tnse,  483 
Kipa,  710 
Kitraria,  480,  51S 
Nitrariao<^fe,  480 
Noble  oraOKe,  485 
Nolana,  617 
NolanacesB,  617 
Nomenclatore,  896 
Noog,  68S 
Nopal  plant,  648 
North    American     locust 
tree,  583 

—  China  sagar  cane,  7S1 
Norway  birch,  669 

—  spruoe,  676 
Noie-bleed,  581 
Nostoc,  744,  746,  747 
Notonio,  583 
Notorhiaeoi,  443 
Noyau,  538,  603 
Nucanieutaoeae,  441 
Nonnari  root,  601 
Nut-galls,  667 
Nutmegs,  646 

— t  American,  429 
~,  Brazilian,  643 
— ,  calabash,  429 
— ,  Caniara,  643 
— ,  dove,  642 
~-,  Jamaica,  439 
— ,  loutr,  646 
Nat«,666 
Nux-Tomica,  597 
If yctaginaoeffi,  633 
Nyctanthes,  611 
NymphflBaoese,  433 
Nysao,  557 


Oak  lungs,  741 
Oaks,  665 
Oat,  730 
Oatmeal,  720 
Ochna,493 
OohnacesB,  493 
Ochro.  435 
Ochroma,  459 
Ocotea,644 
Ocymnm,  619 
Odlna,  613 
(Enanthe,561,56S 
C^othera,  555 
Official  camphor,  643 

—  nutmegs,  646 

—  tar,  678 
Ogechee  lime,  557 
Oidiom,  739 

Oil  cake,  443,  498 

—  of  almonds,  531 

—  —  bergamot,  486 
ben,  538 

—  —  campb<»r,  643 


Oil  of  cofsia,  643 

chamomile,  581 

citrooelie.  730 

cloves,  488 

geranium,  533,  730 

ginger  graw,  720 

borsechestnnt,  473 

juniper,  677 

mace,  646 

neroli,  485 

nutmegs,  646 

orange  leaf,  485 

partridge  berry,  688 

rhodium,  6U3 

roee-leaved  geranium, 

503 

sassafras,  644 

spike,  619 

thyme,  630 

turpentine.  678 

verbena,  720 

wild    castor    seeds, 

659 

winter  green,  688 

Okra,457 
Ohicaoete,  489 
Olax,  489 
Oldenlandia,  574 
Oldfieldia,  669 
Old  man's  beard,  693 
Olea,  610 

—  vermelho,  533 
OloaoesB,  609 
Oleaster,  640 
Oleum  nigrum,  509 

—  origani,  620 

—  unoue,  428 
OUbannm,  516 
OUve,  609,  610 

—  bark,  610 

—  gum,  610 

—  leaven,  610 

—  oil,  610 

—  wood,  610 
Ollvlle,  610 
Ombrophytnm,  671 
Omphalea,  659 
Omphalobium,  515 
Omum,  561 
Ona^praoee,  564 
Onooba,  447 
Onions,  697 
Onobrychis,  519 
Opaque  bdellium,  616 
Ophelia,  600 
OphioglossaoesB,  727 
Ophiogloasen,  737 
Ophioglossum,  738 
Opium,  437 

—  poppy,  437 
Opobalsamum,  616 
Opoponax,  563 
Opuntia,  548 
Orange,  485 

—  berries,  485 

—  flower  water,  485 

—  orrler,  483 
Orobella  weeds,  741 
Orobidaceie,  680 


OrohU,  741 
Orchis,  683 
Ordeal  bark,  537 
—  bean,  683 
Orders,  393,  396 
Oreodaphne,  644 
Orgeat,  717 
Origanum,  630 
Orinoko  tobacco,  609 
Orobancliacen,  636 
Orobus,  623 
OrontiacesB,  703 
Orontiura,  703 
Orris,  688 
OrthoplooeiB,  443 
Orthoeperme8%  560 
Oryza,  733 
Osage  orange,  663 
Oamunda,  788 
08trya,666 
Oswego  tea,  619 
Otaheite  solep,  691 
Otto  of  rose,  533 
Ouvinindni,  708 
Ovoid    China   cardamom, 

684 
OxalidaoesB,  499 
Oxalis,600 
Oxleya,  483 
Ox}  coccus,  587 
Oyster  plant,  684,  616 


Pachtma,  739 
Pawny,  436 
Padoe  Kidang,  738 
Pale  catechu,  574 

—  cinchona  bark,  673 
Palicurea,  574 
Palmaoen,  703 
Palma  Christi,  669 

—  ro8reoil,608 
Palmella,  746 
Palmetto,  706 
Palm  oil,  706 

—  sugar.  706,  706,  707 

—  wax,  706 

—  wine,  706,  707 
Palms,  703 
Palmvra  fibres,  706 

—  paUn,  705 

—  wood,  705 
Palo  de  vaoa,  663 
Pampas-grass,  721 
Panacea  lapeorum,  681 
Panama  hats,  710 
Panax,  665 
Pandanaoeai,  709 
Pandanna,  710 
PangiaoesB,  543 
Pangium,  643 
Panionm,  733 
Panna,  738 

Pansy,  449 
Pao  Pereira,  596 
Papaver,  437 
Papaveraoeny  486 
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Pumcntlcn.  611 


PflMifloTace«.  fi4 


Pipei»OMB.M7 
Plpa  sihiopicnD 


PbLlyJnne,  ;U1 


P«r.,s7a 

■lophjllulo.  43 


—  ■liter.  tU 

—  nut*** 
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TofiODOiu   tegnmliuHB. 


PlTChoCrik,  sn 

Pterti,  I»;.  !M 
Pt4<rod*rpuft,  tti. 


I.  ISO 


QuundUiK  unt, 
<jiiBiidhKiluU', 


_  whortlclwttj.  087 

Rtei.  7» 
ItciiHiHr  mMii.  ril 


Kh';^™!™!)™^  IS 


Rlbe8,M8 

Ribwort,  «]< 
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Sablco.  Ml 


Itniboriililii,  MS 
TtnxbuTffhlRooi^  flfIS 
R<>]«]  ferv,  ns 

ItDbbcr.  »!>s 

BuMw'nr.  E70,  t7) 
ItuNH.  M3 
Itur.  4113 


ILiMiRntiul.taa 
—  rlmlHU-b,  ess 


SKlTpdiirh^fV,  All 


iimi»l'» 


San^lUHTllfc,  4BH 
faORilljinrtnc.  SH,  HI 


SchizocmHi,  Sfl 
liilffii,  «74 

SchffinccKqlofL  CM 
Scllto,«l»8 

Sclcr«otlut«i  «U 
Sclmniliiu,  eu 


Sen -buckthorn.  Ml 


S«[K«lt]ls.  ni>2 
^-  plum.  19! 


KATCoccpljalitfL,  fi7 
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SenecioideaB,  679 
Senega  snake-root,  476 
Sen^  sanvage,  521 
Senna,  619,  621,  6S4 
Septulatae,  441 
Serpcntary  root,  66S 
Service- berry,  633 

—  tree,  63 
Sesame  oil,  622 

—  seeds,  622 
Scsanmni,  622 
Besnvew,  640 
Setoria,  723 
Sethia,  4«1 
Seville  orange,  486 
Shaii-berry,  633 
Shaddock.  486,  4H6 
Shallot,  697 
Bhanioola,  722 
Hlianirock,  600 
Shanghiic  oil,  442 
Shan-mo,  739 
Shea-butter.  693 
She-oak,  668 
Shikinii  fmitu,  427 
Shiraz  tobacco,  609 
Shittali-tree,  637 
Shittim  wood,  627 
Shola,  619 

—  hatfl,  703 
Shorea,  464 
Shnmac,  614 
Siain  bcnxoin,  694 

—  gamboge.  46H 
ShunnnL,  621 
Siberian  >*tone  j)Ine,  678 
Sice(e,644 

Sicilian  papynw,  717 
Sida,  467,  468 
Sidee,  466 
Sideroxylon,  698 
Side-sa<ldle,  436 
Sidhee,  660 
Siojoii,  671 

Sif-rra  T^eonc  peach,  674 
Silene,  463 
Silenea?,  463 
Silesian  Itoet,  634 
^iculoHw,  441 
Siliquo««,  441 
Silk-cotton,  469 

—  order,  468 
Silphinm,  663.  683 
Silver  flr,  677 
Simaba,  496 
Simaroubo,  496 
Simaruba,  496 
Simarubaceas,  494 
Slnapig,  443 
Singhara  uat,  666 
Sintoo  l>ark,  643 
Siphonia,  668 
Siraballi,  644 
Si8800,621 
Sissnm.  621 
Slum,  661 

Six-rowed  barley,  721 
Sizygium,  663 
Skiini,437 


Sklrret,  661 

Skunk  cabbage,  703 

Slender  oalagoala,  728 

Slippery  elm,  649 

Sloe,  631 

Slokan,  747 

Sloke,  747 

Small    American    caMia, 

625 
Smilaceee  693 
Smilax,  69 1 
Smyrninm,  661 
Snake  gonnl,  646 

—  -  root.  476 

—  woo<l,  698,  6M 
Snowlierry,  670 
Sc»pwort  onler,  472 
Sobrolia,  683 
Socotrine  aloe»,  697 
Soja.  623 

Sola  haUi,  703 
Solaiuiocip,  604 
Solanee,  606 
Solanum,  604,  607 
Sohuzi  juice,  623 
Solenostemina,  601 
Sollya,  488 
Solomon'rt  seal  698 
Soluble  cocoa,  461 
Sousonate    black  balsam, 

522 
Sooja,  623 
Sophora,  523 
Sorghum,  721 
Sorrel,  632 
Souari  nut,  471 

order,  471 

Souchet  comestible,  717 

Soulamca,  477 

Soar  gourd,  459 

Sour- sop,  428 

South    American   cotton, 

456 
Sow-breail,  613 
Soy.  623 

Soymida,  482,  597 
Spanish  broom,  523 

—  chestnut,  666 

—  colocvnth,  646 

—  juice,  521 

—  moss,  C92 

—  onion.  897 
3parattosi>erma,  624 
Sixirtinm,  533 
Spearmint,  619 
Species,  390 
Specularia,  585 
Spelt,  723 

Spelta,  723 
Sphffiria,  738 
Sphaguacefp,  732 
SphagnesB,  733 
Sphagnum.  733 
Spice  pepper,  607 
Spiderwort,  701 
Spigelia.  597 
Spikenard,  576 
Spinada,  634 
Spillage,  634 

3k2 


Spindle-tree,  609 

Spinea,  533 

Spirits      of      tur)it>ntiue, 

678 
Spirolobes,  442 
Split-moss,  733 
S|)ogel  seeds,  616 
Siwndias,  514 
S|K)ngc  gourd,  646 
Sjwrt,  892 
Sprat,  731 
Spring  barley,  731 

—  wheat,  723 
Spruce  beer,  677 

-firs,  676 
Spurge  flax,  640 

—  laurel,  640 

—  wort,  666 

Spurious   winter's    bark  . 

488 
Spiirrwl  rj'e,  722 
Squash.  545 
Squill,  698 

Squirting  cucumber,  646 
St.  Ignatius'  beans,  597 
St.  *  John's    wort    order, 

469 
St.  Jnlm's  Imsad,  625 
St.  Michael's  orange,  485 
St.  Salvador  black  balaam, 

622 
Stachys,  619 
Stachytarpha,  621 
Stackhousia,  509 
StaokhouKiaoeee,  509 
Stacte,  516 
Stagmaria,  514 
Staphylea,  610 
Staphylaicea?,  609 
Star-anise,  427 

—  apples.  592 

—  wort,  655 
Statice,  614 
Stavesacre,  426 
Stellatae,  671 
Sterculia,  459 
Stcrculiace^e,  458 
Sticklac,  521 
Sticta,  741 
Stilaginaceas,  655 
Stilago,  656 
StilbnoeiB,  698 
Stilliugia,  660 
Stimulant       umbcUifene, 

561 
Stinking  gooK4>foot,  686 
Stlpa,  719,  723 
Stock.  444 
Stonecrop,  537 

—  biting,  538 
Stone  i)ine,  678 
Storax,  594,  669 

—  l»rk,  669 
Stramonium,  608 
Strasburg  tun*"*ine,  677 
Stravadium,  553 
Strawberry,  632 
Stringy-bark  tree,  55 

gum  tree,  660 
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Strong-8ceuted    lettuce, 

684 
Stryohnos,  597 
Stjlewort  order,  686 
Stylidiaceie,  686 
Btyracacee,  593 
Styrax,  594 
Snb-oIasB,  394 

—  genus,  395 

orders,  894 

tribes,  394 

Subjee,  660 

Snocns  Lypoobtidis,  672 
Sugar  berry,  648 

—  cane,  722 

—  candy, 722 

—  maple,  478 
Sultanas.  487 
Sumach,  613 
Sumatra  ben/.oiii,  594 

—  camphor,  464 
Sumbul.  662 

—  root,  662 

,  Indian,  663 

Summer  savory,  619,  620 

—  wheat,  723 
Sundew,  460 

—  order,  449 
Sunflower,  682 

-  iioap,  582 
Sunn,  467,  621 
Suniicc  hemp.  467.  621 
Suriiinaccee,  636 
Suriimm  liark,  620 

—  -  nicdhir,  6f»3 

—  qua.s8iii,  496 
Sawarrow  nuts,  471 
Swamp  hellebore,  700 

—  pine,  078 

—  rice,  723 

—  sasfiafms,  427 

—  «iJk-wec*l.  601 
Swurtiia,  626 
Swe<li8h  turnip,  442 
Sweet  almond,  631 

—  bay,  «43 

—  birch.  6C9 

—  cassava,  659 

—  fennel.  r>61 

-  fern,  G67 

—  -  flap,  703 

—  puni,  069 

—  lierbs.  CJ9 

-  leaf,  694 

—  mjirjonun,  61!>.  •>-0 
-oil.  «J0 

—  -  ornngi'.  4H5 

—  potato,  6(»3 

—  S4»p,  4'2H 

—  sorphis  721 

—  verboiw,  621 

—  violet,  449 

—  William,  463 
Sweetwood,  644 
Swietenia,  482 
•Swine  tang,  746 
Swiss  churd  beet,  684 
Sycamine,  652 
Sycamore,  419 


Sycamore  figs,  662 
Sycomorus,  652 
Symbols,  397 
SymphoricarpuB,  670 
Symphytum,  616 
Symplooaceae,  593 
Symplocarpus,  703 
Symplocos,  594 
Sjrrian  papyrus,  717 
Syringa,  549,  610 
Syrup  erf  cajriUaire,  727 
System  of  Bentham  and 
Hooker,  418 

I>eCandoUe,418 

Endlicher.  415 

Jussien,  412 

lindley,  416 

linnsBUfi,  401 

Bay,  412 

this  Manual,  419 

Systems,  artificial.  401 

—  natural,  410,  412 

—  of  classification,  399 


Taao,  521 
Tahan-tree,  693 
Tabashcer,  721 
Tabemsemontana,  596 
Tacanmliac,  616 
Tacca,691 

—  starch,  691 
Taccaceflp,  691 
Tacsonia,  541 
Tafrifa,6l4 

Tahiti  anowroot,  691 
Tail -pepper,  637 
Talipot  palm,  706 
TalUooonah,  483 
Tallow-tree,  469.  680 
Tamaricacea»,  451 
Tamarind.  626 

—  plum,  626 
Tamarindus,  626 
Tamarisk  onier,  451 
Tamarix.  461 
Tampico  jalap.  603 
'I'jimpui.  474 
TaniUH,  693 
Tanacetuni,  683 
Tangerine  orange,  486 
Tangliinia,  596 
Tangle,  747 
Tanshwui.  747 
Tansy,  683 
Tiipitwa,  669 
Tappmich,  486 

Tara,  712 

Tanixacum,  684 

Tares,  519 

Tarragon,  681 

Tasoonia,  541 

Tasaiannia,  428 

Tasmanian  cranberry,  590 

Taxaceffi.678 

Taxus,  679 

Taynru,  546 


Teft,ie6 

—  of  heaven,  tt7 

—  order,  465 

—  plant,  651 
Teak-tree,  621 
Teasel,  676 
Teooma,  634 
Teotona,621 
Teenah,  653 
Teeloil,623 
Teir,7» 
Telfairia,  646 
Tephroaia,  523 
Terebinthina,  678 
Terminalia.  666 
Tenutroemiacece,  465 
Terra  japonica.  574 
Test^dinaria,  693 
TetUIa,539 
TetiBgoneie,  640 
Tetragonia,  540 
Tetragoniaceae,  640 
Tetrapanax,  565 
Texas  sanaparflla.  431 

—  snake  root,  662 
ThalamlflorK,  422 

—  analysis  of,  504 
ThaUogeme,  735 
Thallophyta,  735 
Thapsia.  568 
Th6  Arabe,  539 

—  de  TBurope,  626 

—  sanguinjJre,  539 
Thea,466 
Theobroma,  460 
Theophrasta,  61S 
Thesium,  662 
Thevetia,  596 
Thistle*,  497,  582 
Thorn-apple,  608 
Thoroughwort,  582 
Thrift.  613 

Thus.  678 
Thyme,  619 

—  oil  of,  620 
Thyraelaoeje,  639 
Thymus,  620 
Tioorea,  492 

TU,  644 
Tilia.463 
Tiliaoeaj,  461 
Tiliete,  462 
Tillandsia,  692 
TimiivcUy  senim,  524 
Tiuospora,  431 
Ti-plaut,  697 
TisK)  flowers,  520 
Tobacco,  609 

—  root,  540 
Tocnsao,  721 
Toddalia,  4^3 
Toddy,  706,  706,  707 
Tomatoes,  607 
Tonga,  621,  712 
Tongooee  fibres.  601 
Tonic  umbellifene,  561 
Tonka  beans.  521 
Tonauin  beans,  531 
Tontelea,  479 
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Toolrfe  ten,  619 
Toon  wood,  482 
Tootlini'he-tn'o,  564 

ulinib,  493 
Tootliwort,  614 
ToiKiiia,  561 
TormeiitUla,  532 
Tortoise  plant,  693 

—  wood,  573 
ToumeHol,  741 
TouA  IcK  moU,  685 
Tow,  498 

Towel  Kounl,  546 
Toxicariam,  690 
Trachyloliinni,  526 
Tra^^mcanth,  519 
Tragupogon,  584 
Trailing  arbutus,  588 
Truiio,  565 
Travfller'8  tree,  686 
Treacle,  722 
Trtblzond  honey.  588 
Tri-o  b.ard,  693 

—  -  oo])al.  526 

—  cotton.  456 
lung-wort,  741 

--   of  long  life.  551 

—  pa»onv,  426 
Trefoil,  619 
Tromaudracene,  477 
TriiinoHpermu,  546 
TrlUv.  394 
Tribulus,  497 
Trichilfo,  483 
TrlchodeHiuiuni,  745 
Tricho«anthc«,  546 
TrichoHtemma,  620 
TrifoUum.  519 
Trigonelln,  523 
TriUiaceae,  694 
Trillimn,  696 
Trioateum,  570 
Tripe  de  rochc,  741 
Tri])toloniiea,  524 
Triticum,  723 
Triumfetta,  4C3 
Triurldnceie,  714 
Triuris,  714 
Tropieolaccap,  602 
TropiBoluro,  503 
True  cliamomile,  581 

—  niaid«>n1mir,  727 

—  nutmegs,  646 

-  oil  of  Mpike,  619 
TniffleK,  736,  740 
Trumpet  flower,  623 
Tss-Tsiii,  747 
Tuber,  786,  740 
Tubuliflonc,  579,  580 
Tuekaboe,  739 
Tulii)-trec,  427 
Tulp,  688 
Tunga  wood,  482 
Tupa,S86 
Turios,697 
Turkey  box,  657 

—  colooyuth,  M5 

—  oak,  666 

—  root,  574 


Turkish  uiillet,  721 

—  oil  of  goraiiium,  7'20 

—  tobacco,  609 
Turmeric,  684 

—  tincture  of,  684 
Tumttm,  542 

—  onier,  541 
TumeraceR,  541 
Turnip.  442 
TurnrtoU",  658 
Turiwntljie,  678 
Turpeth,  603 
TuMtac-gniM.  721 
TusMlIago,  5H3 
Two-rowed  barley,  721 
Tylophorti,  601 
Typha,  710 
Typhacew,  710 


UdikaI.  495 
Ullucuji,  635 
UlmuciHu,  648 
UImt>ie,  648 
Ulmux,  648 
Ulvn,  744.  747 
UmlKtllifene,  558 
UmlH'lliferouH  onler.  658 
Umbili(»ria,  741 
Umiri  Iwlwim,  490 
rnrariiu  574 
(Tncoaterl  ginger,  685 
Uneoniocomo,  728 
Unona.  428 

Unpi-«>lfd  oolocyuth,  545 
Upon,  653 
I'lKM  tieut^,  697 
Urari,  598 
UnM'Ola,  696 
Urginoo.  698 
UrnmosH,  733 
Urtico,  650 
Urticaceflc,  649 
Urucnrl  nut«,  705 
UtrioulariA,  627 
Uvnria,  429 
Uva  ursi,  588 
Uvularia,  700 


VAcrAniA,463 
Vacciniacea*,  587 
Vacdnium,  687 
VulMti,  6!Ki 
Valerian,  676 
Valeriana,  675 
Valerianooete,  575 
Valerian  order,  576 
Valerianella,  575 
Vallm.  463 
Valonia,  667 
Vanilla,  683 
Varieties,  391 
— ^ptmuuient,  891 


Variolaria,  74i>,  742 
Varronia,  602 
Vateria,  405 
Vatica,  465,  616 
Vegetable  Kthiops,  746 

—  butt<'r  of  C^ara,  466 

—  -  ivor}-,  707 

—  marrow,  645 

—  Hilk,  459 

—  -  sulphur,  731 
Velvet  tamarinds,  526 
Ventilago,  612 
Vvnic(;  turpentine,  677 
Veuos's  fly-trapv  450 
Vera  Gnu  elcmt,  515 
Venitnim,  700 
Verhascum,  626 
VerlKjna,  621 
Verbcnaceoi.  620 
Vermicelli,  728 
Venionia,  683 
VcnionieiD,  679 
Veronica,  626 

Vert  tie  vemie,  511 
Vervain,  620 
Vosca,  666 
Vetches,  519 
Vetiver,  720 
Viburnum,  570 
Vicia.  519 
Victoria,  435 

—  water-lily.  435 
Victor's  laund,  643 
Vine,  486 

fungus,  739 
Vinegar-plant,  739 
X'whi,  449 
Violaceie,  447 
Violew,  448 
Violet,  449 

—  order,  447 

-  rhatuny,  477 
Virginica,  666 
Virginian  croe|)er,  4b 7 

—  date  ))lum,  591 

-  red  cedar,  677 

—  make  root,  662 
Viscacetc,  663 
Viscum,  663 
Visniia.  47o 
Vitiu>eR^,  486 
Vltex,  621 
VitiK.  487 
Vittie-vayr,  720 
Viviania  order,  454 
Vivianlaoen*,  464 
Vonndzea,  524 
VochyHia,  510 
Vochysiaocwe,  610 
Volatile  oil  of  swoet  bay, 

643 
VolvocijioK>,  743 


Waoexboom,  641 
Waifa,  623 
Wake-Robin,  711 
Wakoo,609 


J.  if  A.  ChurchilFs  Medical  Class  Books. 

MEDICINE — eoniinued. 
WHITTAKER— Students'  Primer  on  the  Urine. 

ByfJ.  Tea  VIS  Whittakkb,  M.D.,  Clinical  Bemonitntor  at  the  Boji] 
Tnflrmary,  Glasgow.  With  Ulusttatloiifl,  and  16  Plates  etched  on 
Copper.    Poet  8yo,  48.  6d. 


MIDWIFEBY, 

BARNES. — Lectures  on    Obstetric   Operations, 

including  the  Treatment  of  Hnmonrhage,  and  fanning  a  Guide  to  the 
Management  of  Diffioolt  labour.  By  Bobbbt  BASxn,  M.D.,  F JLC.P., 
Obstetric  Phyaidan  to,  and  Lecturer  on  Diseaaea  of  Women,  Ae^  at  St. 
George's  Hospital.    Third  Edition.    With  IM  Engravings.    8vo,  ISa. 

CLAT,— The  Complete  Handbook  of  Obstetric 

Surgery ;  or,  Short  Rules  of  Practice  in  every  i^eigency,  from  the 
Simplest  to  the  most  formidable  Operationa  connected  with  the  Science 
of  Obstetricy.  By  Chablbs  Clat,  H.D.,  late  Senior  Surgeon  to,  and 
Lecturer  on  Midwifery  at,  St.  Mary's  Hospital,  Mandiester.  Third 
Edition,    With  91  Engravings.    Fcap.  8vo,  6s.  6d. 

EAMSBOTHAM.— The  Principles  and   Practice 

of  Obstetric  Medicine  and  Surgery.  By  Fbajtcis  H.  Bajisbotu ax,  MD., 
formerly  Obstetric  Physician  to  the  London  HoepitaL  Fifth  Editioa. 
With  120  Platea,  forming  one  thick  handsome  volume.    8vo, 


REYNOLDS.— l^otes   on    Midwifery:    specially 

designed  to  assist  the  Student  in  preparing  for  Examination.  By  J.  J. 
Bbyitolds,  M.B.C.S.    Fcap.  8vo,  4s. 

ROBERTS.— The  Student's  Guide  to  the  Practice 

of  Midwifery.  By  D.  Lix>td  Robsbts,  M.D.,  F.R.C.P.,  Fhysieian  to 
St.  Mary's  Hospital,  Manchester.  Second  Edition.  With  111  Ei^iav- 
ings.    Fcap.  8vo,  7s. 

8CHR0EDER—A  Manual  of  Midwifery ;  includ- 
ing the  Pathology  of  Pregnancy  and  the  Puerperal  State.  By  Kaml 
ScHBOSDEB,  M.D.,  Professor  of  Midwifery  in  the  University  of  Erlangen. 
Translated  by  Chablbs  H.  Cabtbb,  M.D.  With  Engravings.  8vo, 
18a  6d. 
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MIDWIFEBY — continued. 
^IFiiriVjS;.-- Obstetric  Aphorisms  for  the  Use  of 

BtndentB  oammandng  Mid^nfery  TncHoe.  By  Josvph  Q,  Bwayvi, 
M.D.,  Leotuxer  on  Midwifery  at  the  Bristol  School  of  Medicine.  Serenth 
Edition.    With  Engravings.    Feap.  8vo,  8e.  6d. 


MICBOSCOFY. 

CARPENTER— The  Microscope  and  its  Revela- 
tions. By  William  B.  Cabpsxtsb,  C.B.,  M.D.,  F.B.8.  Sixth  Edition. 
With  26  Plates,  a  Ck>loiired  FrontiBpiece,  and  more  than  600  SngraTingi. 
Grown  8vo,  16s. 

MARSH. — Section-Cutting:    a  Practical  Guide 

to  the  Preparation  and  Mounting  of  Sections  for  the  Microscope,  special 
prominence  being  given  to  the  subject  of  Animal  Sections.  By  Dr. 
SvLVKSTBa  Mabsh.    With  Engravings.    Fcap.  8vo,  2b.  6d. 

MARTIN. — A  Manual  of  Microscopic  Mounting. 

By  JoHH  H.  Mabtiw,  Member  of  the  Society  of  Public  Analysts,  *c. 
Second  Edition.     With  several  Plates  and  144  Engravings.    8vo,  7s.  Od. 


OFHTHAXiMOLOGY. 
DAOUENET. — A    Manual  of   Ophthalmoscopy 

for  the  Use  of  Students.  By  Dr.  Daouskkt.  Translated  by  C.  S. 
Jbaftsbsoh,  Surgeon  to  the  Newcsstle-on-Tyne  Eye  Infirmary.  With 
Engravings.    Fcap.  8vo,  Gs. 

HI0GENS.—Hint3  on  Ophthalmic  Out- Patient 

Practioe.  By  Chablss  Hiookms,  F.B.C.8.,  Ophthalmic  Assistant-Sur^ 
geon  to,  and  Lecturer  on  Ophthalmology  at,  Guy's  Hospital.  Second 
Edition.    Fcap.  8vo,  8s. 

JONES. — A    Manual    of    the    Principles     and 

Practice  of  Ophthalmic  Medicine  and  Surgery.  By  T.  Whabtoh  Jovm, 
F.B.C.8.,  F.B.S.,  late  Ophthalmic  Surgeon  and  Ptefessor  of  Ophthalmo- 
logy to  University  College  Hospital.  Third  Edition.  With  9  Coloured 
Plates  and  178  Engravings.    Fcap.  Svo,  ISs.  6d. 
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OFHTHALMOLOaY— conlffiueciL 
MACNAMARA.—A  Manual  of  the  Diseases  of 

the  Eye.  By  Charlb8  Macxam 4sa,  F.R.C.8.,  Soxgeon  to  WMtmiiMfeer 
Hospital.  Third  Edition.  With  7  Colooxed  FlatM  and  fit  SagimTinga. 
Fcap.  8vo,  iSi.  6d. 

NETTLESHIP,—TYit  Student's  Guide  to  Diseases 

of  the  Eye.  By  Edwabd  Nbttlbship,  F.B.C.8.,  Ophthalmic  Sozgeoa 
to,  and  Lecturer  on  Ophthalmic  Sorgerj  at,  St.  Thomas's  Hospital. 
With  48  Engravings.    Fcap.  Syo,  Ts.  ed. 

WOLFE. — On  Diseases  and  Injuries  of  the  Eye : 

a  Course  of  Systematic  and  Clinical  Loeturea  to  Stodents  and  Medical 
Practitioners.  By  J.  B.  Woltb,  MJ).,  F.U.C.S.E.,  Senior  Surgeon  to 
the  Qla^ow  Ophthalmic  Institution,  Lecturer  on  Ophthalmic  Medicine 
and  Surgery  in  Anderson's  College.  With  10  Colonred  Plates,  and  110 
Wood  Engravings,  8vo. 


PATHOLOGY. 
JONES  AND  SIEVEKING.—A  Manual  of  Patho- 

logical  Anatomy.  By  C.  Haxdfibld  Joxbs,  H.B.,  F.R.S.,  and  BowAao 
H.  SisvEKixa,  H.D.,  F.B.C.P.  Second  Edition.  Edited,  with  consider- 
able enlargement,  by  J.  F.  Patihe,  M.B.,  Assistant-Physician  and 
Lecturer  on  General  Pathology  at  St.  Thomas's  HospitaL  With  19& 
Engravings.    Crown  8vo,  10b. 

LANCEREAUX.— Atlas   of    Pathological    Ana- 

tomy.  By  Dr.  Lancsbkaux.  Translated  by  W.  S.  GRKxirriBLD,  M.D., 
Professor  of  Pathology  in  the  Universi^  of  Edinburgh.  With 
70  Coloured  Plates.    Imperial  8vo.    £6  6s. 

VIRCHOW.  —  Post'Morttm    Examinations:    a 

Description  and  Explanation  of  the  Method  of  Performing  them, 
with  especial  reference  to  Medioo>Legal  Practice.  By  Professor 
BuDOLPii  ViBCHOw,  Berlin  Charity  Hospital.  Translated  by  Dr.  T.  B. 
Smith.    Second  Edition,  with  i  Plates.    Fcap.  8vo,  Ss.  ed. 

WILES  AND  MOXON—J^ectUTts  on  Pathologi- 
cal Anatomy.  By  Saxusl  Wilks,  M.D.,  FJLB.,  Physioian  to,  snd 
Lecturer  on  Medidne  at,  Guy's  Hospital;  and  Waltbb  Mozow,  M.D., 
F.R.C.P.,  Physician  to,  and  Leotmer  on  Clinical  Medidne  at,  Guy's 
HospitaL    Second  Edition.    With  7  Steel  Plates.    8vo,  18b. 
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PSYCHOLOGY. 
BUCKNILL  AND  TUKE.—A  Manual  of  Psycho- 

logical  Medicine :  ootitaining  the  Loiiacy  laws,  Noeology,  JBtiology, 
SUtictios,  Deeoiiption,  Diegnoeie,  FAtholoflT,  and  Treatznent  of  Iiuanity, 
with  an  Appendix  of  Caaea.  By  JoHir  C.  Buckxill,  M.D.,  F.B.B., 
and  D.  Hack  Tdkb,  M.D.,  F.B.C.P.  Fourth  Edition,  with  12  Flatea 
(SOPigurea).    8To,a6a. 


PHYSIOLOGY. 

CARPENTER.— Principles  of  Human  Physio- 
logy. By  William  B.  Carpsktbb,  C.B.,  M.D.,  F.R.8.  Ninth  Edition. 
Edited  by  Henry  Power,  M.B.,  F.B.C.8.  With  3  Steel  Flatea  and 
877  Wood  Bngrayingi.    8to,  SIb.  6d. 

DALTON — A  Treatise  on  Human  Physiology  : 

deidgned  for  the  me  of  Stodenta  and  Fractitionen  of  Medicine.  T^ 
John  C  Daltok,  M.D.,  Profeaeor  of  Physiology  and  Hygiene  in  the 
College  of  Pbyaiciana  and  Sorgeona,  New  York.  Sixth  Edition.  With 
816  Engravinge.    Boyal  8vo,  SOa. 

FREY.—TYi^  Histology  and  Histo-Chemistry  of 

Man.  A  Treatiae  on  the  Elementa  of  Compoaition  and  Structure  of  the 
Human  Body.  By  HsiKaicB  Fbzy,  Frofeiior  of  Medicine  in  Zurieh. 
Tranalated  by  AaTHua  E.  Babkxb,  Awiatant-Surgeon  to  the  Uni- 
yeraity  CoUoge  HoapitaL     With  606  Engavinge.    8vo,  21b. 

RUTHERFORD.— OMtiines   of    Practical  Histo- 

logy.  By  WiLUAM  RuTHaaFOBD,  M.D.,  F.R.S.,  Profesaor  of  the  loati- 
tutea  of  Medicine  in  the  Unireraity  of  Edinburgh ;  Hiwi^tniiii.  jn 
Pbyiiology  in  the  Univerdty  of  London.  Third  Edition.  With 
EograTinga.    Crown  8vo  (with  additional  leayee  for  Notea) . 

[In  prtpanUum. 

SANDERSON— Handbook  for  the  Physiological 

Laboratory :  containing  an  Bicpoaition  of  the  fundamental  facta  of  the 
Sdenoe,  with  ezpUdt  Directiona  for  their  demonatration.  By  J.  Bitbdoit 
Saitdbbsok,  MD.,  F.R.S.,  Jodrell  Profesior  of  Phyaiology  in  Univeraity 
College;  E.  Klbik,  M.D.,  F.E.S.,  Aaeiatant-Profeeaor  in  the  Brown 
Inatitution ;  Michabl  Fobtxb,  M.D.,  F.B.S.,  Prselector  of  Physiology 
at  Txinity  College,  Cambridge ;  and  T.  Laudbb  Bbuxton,  M.D.,  F.B.S., 
Lecturer  on  Materia  Medica  at  St.  BartholomeVs  Hospital  Medical 
College.    8  VolB.,  with  128  Flatea.    8vo,248. 
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BRYANT, --Pl    Manual    for    the     Practice    of 

Snrgtrr.  Bf  Thomas  Bbtavt,  FJLCJS^  Ouigeii  to,  and 
Surgery  at,  Guy's  Hospital.  Thfid  WXMmi.  With  era 
(neariyaUoriginslfinsiiy  bemg  eoiooscd).    StoIb.    Grown  8va^ 

BELLAMY.— Th^  Student's  Guide  to    Surgical 

Anatomy ;  a  Deaoipikm  of  tlie  more  frnpogrtaat  Sugiettl  T>«(p«wii  of 
the  Human  Body,  and  an  DntrodDfltton  to  OpcBattre   Omgeiy.     By 
Edward  Bkllamt,  F.B.C^.,  and  Member  of  the  Board  of  •»■*■■»?■>—■ ; 
Boxgeon  to,  and  Leetiuer  on  Anatony  at,  Gbaxinff  Ooas  "prft^**^! 
Second  Edition.    With  76  EngraTlngs.    Fe^>.  Bfo,  7s. 

CLARK     AND     WAG8TAFFE.  —  Outlines     of 

Surgery  and  Surgical  Pathology.  By  F.  Lb  Oaoa  Ci.akx,  FJLCS^ 
F.B.S.,  Consnlting  Smgeon  to  St  Tbomaifa  Ho^itaL  Beeond 
Edition.  Berised  and  expanded  by  the  Author,  aaanted  \j  W.  W. 
Waostaffb,  F.&.C.S.»  Assistanb-Sargeon  to  St.  Thomaa'a  HbqpitaL 
8to,  lOe.  0d. 

DRUITT,— The    Surgeon's    Vade-Mecum ;    a 

Manual  of  Modem  Surgery.  By  Bobxbt  Dbctitt,  F.H.C.8.  Steventh 
Edition.    With  869  EngravingB.    Fcap.  8to,  14b. 

FER0U8S0N—A  System  of  Practical  Surgery. 

By  Sir  William  Fbboubbov,  Bart.,  F.R.C.S.,  F.B.S.,  late  Surgeon  and 
Professor  of  Clinical  Surgery  to  King's  College  Ho^taL  With  463 
Engravings.    Fifth  Edition.    8vo,  Sis. 

HEATH. — A    Manual    of  Minor    Surgery    and 

Bandaging,  for  the  use  of  HonBe-Smrgeons,  Dressers,  and  Janior  TrmtiH- 
tioners.  By  Ckristophxb  Hkatr,  F.B.C.S.,  Hohne  Ft  of i— in  of  rajuM^^i 
Surgery  in  Uniyenity  College  and  Surgeon  to  the  HospitaL  Sixth 
Edition.    With  116  Engrayings.    Fa^.Svo.    6s.  6d. 

By  the  same  Author. 

A    Course    of    Operative    Surgery:     virith 

Twenty  Plates  drawn  from  Nature  by  M.  L^TBiLLft,  and  Oolonred 
by  hand  under  his  direction.    Large  8vo,  40a. 

ALSO, 

The    Student's    Guide   to    Surgical    Diag- 
nosis.  Fcap.  8vo,  6s.  6d. 
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QJJRQ-lSRY'''-conHnued, 
MAUNDER.— Operative    Surgery.     By   Charles 

F.  Maukdbb,  F.B.C.8.,  late  Surgeon  to,  and  Lecturer  on  Surgery  at, 
the  London  Hoepital.  Second  Edition.  With  164  Engraving!.  Post 
8to,  0a. 

FIRRIK— The     Principles     and     Practice     of 

Surgery.  By  Williak  Piiuus,  F.B.S.S.,  Profeeiior  of  Surgery  in  the 
Uniyerrity  of  Aberdeen.  Third  Edition.  With  490  EngraTiagt.  Svo,  SSi. 


TEBMINOLOGY. 
DUNGLISON. — Medical  Lexicon :  a  Dictionary 

of  Medical  Science,  containing  a  oondae  Explanation  of  iti  yvioiui 
Subjects  and  Terma,  with  Accentuation,  Etymology,  Synonymes,  kb. 
By  BoBLBr  Dcitolisok,  M.D.  New  Edition,  thoroughly  reyifled  bf 
BiCHABD  J.  DuKOLisox,  M.D.    Boyal  8vo,  88b. 

MAYNE. — A    Medical    Vocabulary:    being   an 

Explanation  of  all  Terms  and  Phrases  used  in  the  rarioua  Depart' 
ments  of  Medical  Science  and  Fraotioe,  giying  their  Derivatkm,  Meaning, 
Application,  and  Pronunciation.  By  Bobbkt  O.  Matvb,  M.D.,  LL.D., 
and  JoHX  Matbb,  M.D.,  L.R.C.S.E.  Fifth  Edition.   Foi^.  8to,  10b.  6d. 


WOMEN,    DISEASES    OF. 
BARNES.— A  Clinical  History  of  the  Medical 

and  Surgical  Diseases  of  Women.  By  Robbbt  Babmbs,  M.D.,  F.B.C.P., 
Obstetxic  Physician  to,  and  Lecturer  on  Diseases  of  Womoi,  ftc,  at,  St. 
Oeoige's  Hospital    Second  Edition.    With  181  Engravings.    Syo,  SSi. 

DUNCAN.— Clinical  Lectures  on  the   Diseases 

of  Women.  By  J.  Matthbws  Dukcab,  M.D.,  Obstetric  Phyaiciaa  to 
St.  Bartholomew's  HospitaL    Svo,  8b. 

EMMET.  — The    Principles    and    Practice    of 

Oynflsoology.  By  Thomas  Addis  Emmbt,  M.D.,  Surgeon  to  the 
Woman's  Hospital  of  the  State  of  New  York.  With  IdO  Engravinga 
Eoyal  8to,  34s. 
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WOMEN,  DI8SABS8  OF— continued . 
OALABIN.— The   Student's  Guide  to  the   Dis- 

euM  of  Women.  Bf  Auaso  L.  Oalabw,  M.D.,  F.R.C.P.,  Asmteat 
Obitetric  fhyridan  and  Joint  Lecturer  on  Ohrtetrio  Medicine  at  Qwft 
HoiipitAl.    Seeood  Bdition.    With  70  Ensntving*.    Poap.  8vo,  7s.  8d. 

REYNOLDS.— Notts  on  Diseases  of  W^omen. 

Speoially  derigned  for  StodentB  prfpwing  for  Bnmination.  B7  J.  J. 
Bbtmoum,  1U.C.8.    FOftp.  8to,  Si.  6d. 

SMITH. — Practical  Gynaecology:   a  Handbook 

of  the  DiiMiM  of  Women.  Bf  Heywood  Smith,  H.D.,  Fliysidui  tn 
the  Hoepital  for  Woman  and  to  the  Biitiah  Lgring-in  H  )9pital.  With 
EngraTingi.    Crown  8to,  6e.  6d. 

WEST  AND  DUNCAN.— LtctxiTts  on  the    Dis- 

eaMB  of  Women.  B7  Ciiarlbs  Wb«t,  H.D.,  F.B.C.P.  Foozth 
Edition.  Revised  and  in  port  re-written  by  the  Author,  with  nomerou 
additlima,  hj  J.  Matthews  Duxcav,  M.D.,  Obetetrio  Fbyiiciaa  to  St. 
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